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Pelagic Scotian Shelf Urophyels’ tenuls and Gulf ‘of

St. | lawrencé- [rophycis . tenuls were identified using meristic,

morphgmetric and pigment characters. These chlracterﬂ Ldentlfy .
chuss and U. tenuis larvae as small as 5-7 mm SL.. Pelugic . tenu!.l

-~ are deeper bodied, haveia . higher caudal’ finray _cmmt and "one 1ess

5 ol epzbmnchi‘«i "glll‘raker than U. -cluss, .Adult complement Cv‘er;eb}ae,

finmys and Eplbr.lnchlsl gﬂl 'ukeri are rleveluped fox botl

156msL.' : 3

“Pelagic scotidn Sheie Ilrozhzcll ihias grew 0.9, mm_per’ day vor

} 28 'mm per.month.  Young-of-the-year r}eqarlnl U. tepuls grow 1:4 mn per
day or.42 m per month raaching ca. 250-280 om by December . Inqnlllne
u. chnss, usnciated with the sea std110p Flacopecten ua nagellanicus grow
0. u per day.or 11 om - per mantiis Post-inquiline one-year-old U.

chusg average a minimim of 200 mm SL.

species by.

Nearshore'arrival of pelagic juvenile Urophycis tenufs is deMed

p with.  increasing - latitude. tenuis,:'a member of -the . Summer
§ L s ¥
. B . -
- 1ichthyofauna arrivé and remain .vhen water res are

» 3 ” g
bighest. + Time of Eeuehnn arrival -and 'growth data indicate. a

[ wiaver-aprtng !pnvmlng yexlod. U
i <% okt und *béatein’ Inqllies diring SApEeSbAE=0SEohs oa'Ehe SALLER’

Shelf. Tf\e presence, of a m—“r'u chuss sizé mode may indicate that

two mfam.: year glasses occupy scallops at the same time. U.® chus

I wds | pref:z larger scallops. )_. - Lo =
| ;

chuss larvae " are pelaglc - durtng
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FIGURE 1. Generalized hake irdicating pigment
; characters ‘and their location. .

& 'FIGURE 2. - Total caudal finray counts for U.
. -tenuis (26.1~176.1 ma SL) a

chuss (65.1-228.4 mm SL). - Mean,
7 standard errors ‘and 1 standard |
‘deviation (on either side of the '
mean) ‘and the'range are indicated.
o X ¢

both 14,7 ma SL

5 ey FIGURE 4. ' First gill'arch.from U. tenuis and o
: * U. chuss showing an additional gill g !

pU P Taker on fhe epibranchial observed fin
Full

some specimens for each species
scale equals one millimeter. ...

i E

¥ FIGURE 5. -Rgductinn of the Lhitd pelvic finray e o

Wl " .4n U. chuss (156 29.6 and 81.9 .
3 4 emm ale equals two . % iy

sessseesessiiresadees 85

A ; . mullmetetl.
G Conds FIGURE 6. Reduction of. the third pelvic finray 3
vl . . < - ‘dn U. tenuls (46.1; 53.1, 63.7
Mg 6 gy ol 1 g and 97.8 mm SL). Full scale equals
i 0 . two millimeters. ... .o
" il

FIGURE 7. Body"dept\\ at vent and as percent of
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> FIGURE 9. BOJ depth at origin of second dorsal
£1:f and ‘as percent of standard length
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FIGURE 17.

~ = £
" FIGURE 18.

- ; Shelf ‘pelagic U. chis. TI = total

‘Developuent of ‘pigment fof
chuss and U. tenuis larvae

" Dozted lines Indicate some-

specimens have pigment, solid '
lines indicate all specimens have -
pigmensff. The .upper liné for each

. “piguent character refers to-

U. chuss (Scotian Shelf);’

middie line refers to'
(Scotian ‘Shelf);' lover une refers”
 to_U. tenuis ulf of St.

vrence) .
Jarval Urophycis chuss! sundud .
"Lengt hu—Li_—are n mtIlimeters. i

Larval U mphzcu tenuis. Standard A'
Lengths are in aillimeters.

 Chart of Passansquoddy Bay,
Brunswick. AScallop collection sites
‘z/‘mdlcn:ed by diagonal hatching. .

p of eastern Newfoundland
/. indicating -;nuumm n!te .

lengr.h quency of inquiline
uss from Passamaquoddy
Ba Ami vicinity (A) and Scotlln oy
-Shelf (B). Diagonal hatching .
indicates number of newly demersa.
inquiline U. chuss
=T
An anterior-posterior ground 1.1 mn’
sagitta, removed from a 40-day-old
D. chuss. Bars: indicate daily
Tncrements. yuvsenss
-

Mean datly ‘increments at length,
data for ‘pelagic Scotian.Shelf .-
chuss, DI = daily increments. ..

Mean number of total otolith increments.
-related to standard length’ for Scotiar

1m:rele|\tq .
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i GENERAL INTRODUCTION -

N ! ! -
Hakes of the genus Urophycis Gill, 1863 are abundant “gadid - fishes

on the ‘continentsl shelf'and gope of the -northwest Atlantic Ocean. The

genus contains seven species endemic to the western Atlantic (Svetovidov

./ 1948). including the Ted: or  squirrel hake, Urophycis chuss (Walbaua,

1792) and the white ot common hake, Urophycis temuig - (Mitchill, 1815). -

U. - chuss is. found. on the continental'shelf from the south.coast of

Newfoundland (Markle et al. 1982 to Nortl Carolin (Musick 1974).

tenuis oecu'ni on the continental ‘shelf :‘and slope from Iceland and

; .
le'rador m Forth Curnlina and oqcasiouuy as far 'south as Florida

(Husick 1974y umus iy !epnrled frml the Gulf.of St. Lawrence

chuss 1s not (Musick 1974 uachm dnd: uepszy 1980, JHatkle et
b e . 4

but U,
?

Aissn)
K !

As an underu[ilized camerclal lpecle! Urophyeis are “ fished -

prlmlllly a5 by-catch by, Cannd‘l.an, Mmeriéan -and  European ' fishing
vuhls. The only d:uqmed h.ke (uonhEn)‘ﬁshary in Ganada; occuxl in
the eoqzﬂm Gulf of 'st. Lavreace off" asstern Prince ‘Edvard Taland
(Beacham and Nep zy 1950) This fighery is Anaonll, pukmg in, summer
but virtually sbeent from Decembér to April. "since Ui chusa is not
,repc(ted from the GALE,’ the fill\ery :m:# is’ Em.itely dupendem’. upon

- chusk and

termin H&!‘E not
U, chufs

tenitgare usually marketed ‘as fresh or ‘frozen fillefs under the

white  hake, Histoticully,

d“ferentllted 'tn Canadian, £lshery statistics (llepLzy 1968)

and U,

name "hake".
; \
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United States landings of Urophycis Thuss in 1978 were.4.8 -million :

pounds ‘with an average ex vessel price”of §0.11 pa;\pound for a landed-

i’g value of ca. Su‘thnn.llnd dollars. In 1976, 9.1 million pounds of U.
tenufs were landed in New' England at an average, lx\valnl price of

. $0.133 per pound (Gendron 1980)~ fo: 2 landed value of 12 million

dollars. Canadian landings. of

tenuis in 1976 were higher, being

23.3 million pounds (Cendron 1980). At §0.133 per poynd the catch had a v @

retail vn.lu of 3.1 million dollars. o

s 1t Xs pressntly not pos 0.1dent1fy Urophycis chuss and U.

iy : tenuis larvae, the «first objecuve ot o4 study was to determine which

5 chl!lctera would be useful te,dlltiﬂgnilh hit\!lln these species.  Once
’

3 : :l\iu vas d the second obg . species specific [

! o ' growth rates and .the - third object!v:, deseribing ' the post pelagic

-_eca:.ogy of m nghzcll. could"be add Eaéh of these i

B : = H
15 treated géparately 1n the sections that follov. . - ¥ s

hy D )

’ i

3 . & i

R d : Vo




. 3
.
TDENTIFICATION OF UROPHYCIS LARVAE 3
INTRODUCTION - s
Uy P
Musick (1973) has shown how adult Urophycis chusg and tenuis
5 —oEyets o ===

nay be distinguished, The larvae hovever remain essentially undescribed
(Kendall and Naplin 1981) due to similarities among other Urophyeda
Sfectes, Eachelyopus  cimbrivé, Galdropsarus emsts and fiyels chestort
(if4ebrand and Cable 1938, Cohen and Russo 1979, " Markls 1982, Fahay

1983). Only U. chuss eggs and newly hatched laboratory reared larvae
L. i :

' (< 2.2 m) have been described (Miller and Marak 1959). Eggs, lervae

and . early ‘javenile ‘stages of; tenuis remain undescribed (Hardy 1978,

1983). ' Previous attempts to distinguish between Urophycis larvae

7 (Herriman-.and Sclar ‘1952, Bigelow and Schroeder 1953) ,iiave been

Cunsucessfiul (Musick 1969). Nichols and Breder (1927) reported pelvic

fins are shorter, \boey_ depth  déeper and the head longer in juvenile

Phycis tenufs (=U.  tenuis). They also noted,such specimens might be

easily confused with Phycis chuss (=U. ch

) as pelvic fins reach the

origin of the anal fiir, a character usually associated .with P. chuss

(Bigelow and Welsh 1925). ot

The purpose of this section is to show how the larvae of Urophycis

_chuss and U. tenuis may be -identifiedg and to discuss comparative

‘aspects of the early development of these fishes.
o -

. e B &

i




. /é_\é;kml.s and METEODS
=

7 B! |

dopatric’ pelagic Urophycls tenuis weke collected from the )
southern, GlLf of Bes \Tawceaidy Segtmber 1979 aboird DRQV/Y E.E.
PRINCE (crutse 229, Table 1). Smpatric U. . chuss and U. contd vere
" collected mm thie Scatian Shelf uring August and Septesber 1978 aboard,
DFO R/V LA.DY HAMMOND (cruises 05, 06, and 07) and are deposited at zne “

Huntsnsn . Matine = Laboratory, St. -Andrews, New Brunswick. -Most, - i ;

\ collectioris vere made with a neuston net fitted with 1179 micron mesh

R " nmet towed af 3-5 knots for. approximately 10 . Specinens were

preserved in 5% formalin, Demersal juvenile

wd U, | tenuis
" were collected from Passamiquoddy Bay and vicinity apd the Scotian’Shelf
by SCUBA diving, scallop dragging and beach a;lnlng (Table 1). |
Superior an‘d inferi‘or caudal ‘B\‘Ad pelvic finray counts were . é
e : deternined from ;emegsnl juveniles after fins were removed, ¢leared and j
statnea (volltster 1934): Supertor and inferior caudsl ‘finrays are . §
deflued’ ad doesalomont rays (superio:) end véntralmost rays (Safertor) i
v | separated by hypural ‘rays artlcular_lng from hyporalé 1-2 and 350 ]§
Count?® of m:rinr.ic struntu\‘es were Ilﬂp mnde on ‘11 Urophyeis chuss ch\lli

Larvae (5.3-15.6 mn Standard Length), 2 _u._. chuss juveniles (20.4 .lnd

T 29.6 = S1); 11

tenuls larvae (5.5-15.8 mn SL) and-3 U. temuls

juveniles (27.8-97.8 mm SL) which were cleared and stained (Taylor' 1967;
-
Dingerkus and Ghler 1977). Counts were determined-for first and second

_ " § doranl tinriye (D1 ana D2), il B 1. Weasesar, lorerion and

hypural caudal fiurays (C); right and left' pectoral finrays (P1)’and "
pelvic finrays (P2), vertebrae (precaudal and caudal) and epibranchial ‘*
\ N N
i L\ - s
¥ 1 P iy o i
. : A s / ;l
L . i
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v gill rakers. These counts, recorded for each species in:Tables 2 and 3,

are of ossified (stained by Alfzarin red) and

non-ossified or forning
: . ;

i (stained by Alcian blue) structures. Ossification (page.12) is only )
discussed for -those specimens ' that absorbed 51'1'“:1&; red stain. .
Structures . were considered o';llfied even 1f only partly stained by
alizarin redi All counts were made with the aid of a steréomicroscope.
' Caudal tefniiology: foli;wu ‘that of Rosen u;d "lg.nr.terst.m (1969). . "Larval"
U. .chuss and U. tenuis are defined as’ ndividuals less than 18 mm  SL;

W

- "juweniles" age equal to’or greater, thai 18 mm SL. w5 v

‘Measurements, ‘defined beloy, were taken from the leftyside of 344 . '

uistained  Urophycis . (4.8-40.8 mm SL) “using dial ‘calipers and“a

| A were ¢ to of
v standard dgngeh ard ‘all'character meana and ranges axe ptver as percent ~
1‘(/ ) standazd length. : ;
i Stapdard leogth < £1p of snout to postertor mergin‘of hypurals. '

Snout sLéngti -, £4p of. snout to untet!rn\narg’.n of the orbit.

Héad Length - t1g.of snout to pesiterior naxgin of g1}l cover.

Premnal length - tip of siout to vent. \»\

Second dorssl £1n length - origtn, of first ray on the second dorsal | Fin

to’the posterior tip of the last Tay.(only from apbetnsns > 10 mm SL).
i _ Body depth at First dorsal un"-/vuucu distance fron thie base off the
firt - dorsal fin :n,— the ventral surface 1m=d!.utexy below (only from
specingns 2 10 mm S1). . '- o : !
Body dépth at second dorsal £1n - vertical distance €rom the orihin of
the second dorsal fin to the ventral surfice immediately beldw (only i

f£ron specimens > 10 mm SL):

»

¢




Body, depth at vent -, vertical distance from dorsal to ventral surface

measured &t the vent. E

Seven! pigment characters were examined on 175-179 Urophycis - larvae
i

between 4.2-15.9 ma L. Characters were.deternined as either present or

absent , boskver, three cheracters (dorsal’ row pigent, caudal peduncle

\ /
pigment and |midline space) had to conform to a specifi¢ pattern or shape

before :hey‘\glfe as present., of these three

characters was °often subjective. As yellow and red pignent s lost n

| formalin freseived Latvae (Russell 1976). only. the bldck pigaent or
mehnnphotel are “referied " to; ‘Pigment chifaciers, dsfined below, are
T lnteated duiBgs, Lo v L, oy, 00 .

Dorsal row pigment - a Longitudinal fow of romtnent usually dark,

-un.ze -ellnophoru loca:ed lsterally u.eu

midline on some lkogl\zl:il chus:

@nd U. temuis between ca. 6 and lé.mm.

The row originat™ dorsal to the p«:!oru fin - gut region and

terainates on the uu;:.i peduncle. Dorsal row pigment {s present in 67
ma Urophyeis, but usually La mot fully developed o the posterior £lank
o caudal peduncle by e s nonu' roy pigment is - the- same as
"dorsal-lateral” pigment of Russell (1976) , ses paggy2d, Fig. fn t
Caudal fin pigment - located on th; posterior margin of the -chudal
peduncle” and ‘on unul ﬂ“‘q. and menbrane where they articulate with
the caudal peduncles me pigment band is ")" * ghaped 1n ca. 15 mm

Urophycis and is preun: on bnth u ch

and U. tenuls as early as 6

mn SL. . In these small Drophyeis, caudal fin pigaent consists of one or

- two melanophores usually ‘assoctatéd with the hypn:;}g’ “In larged _

.pmﬁg'- the pigaent by

lpreld dor.llly ’nd ventrluy l:o +form the

and the




characteristic ! band of' pigment. The chu\ncter 1s rgcorded as

. presen. 1f at-least one melanophore 1s present.

Pectofal fin plgment - usually one melanophou but. a‘:em‘u two

or three, located on the ventral pu!tinn/:: e peczonl fin base. This
xtebasl jolgsunt BHEVLLHOE o confused with xnnrp.yguz pigment. . 'The
posterior edge of the operculum may have to be lifted a5 the. plgaent. 1s
sometimes covered by the operculum edge. If one “or .more melanophores
-are present at the base of the pectoral £1i the character 1s . recorded as
preue‘mt. ¥ . c”“/“ I 1

Mtdline space - an aréa lacking pigment dorsal t) , the posterior

portion of the .gut and nidline in small Urophyeid, predominantly U.

caiin, i, 1N 8 e cheeetk 19, terud as’ pigment
“develops on “the:.anterior nidliné “region above the gut in d-6'mmSL
Urophycis. Above pigment on:the midline is a space whsu no pigment has
developed. Above this space, again, is pignent that develops at about

the amme rate as pigmen: associated with the midline.. These pigmented

areas join posteriorly. 'In larger Urophycis (ca. 14-15 mm SL). this
apace is not present. Uroghxeiu <5mm si. often cafinot be cmmued
for this character .utpigment on the' midline and that dorsal to it do
nof Jotn on the mid-trunk xebions .

Caudal yedunr.le pignent - a,sbhft of pigment,. nymemc-x about the

idline, on n:{ caudal pedum:le of U, chuss larvae. 'nm chlucter is

composed of both Ln:um (llong the  vertebrae) .ml exnrnal pigment’

associated ‘with the nidline extending posteriorly from pigment of .'the

flank. -In Urophycis chuss larvae the shaft of pigment 1s symmetrical,

N » N .
thin and pointed. 'This contrasts with U. tenuis where the development:
. 0 o NP

coy < b
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separating 'sympatric’ Scotian Shelf U. chuss and U, ten

is not symetrical (there is slightly more. pigment dorsal to the

midline). Refer also'to Markie et al. (1982), pige 2063ydig.. 3.

Anal fin pigment L individual mélanophores immediately along either

i
“side of the 'anal fin ‘at the b"au of ‘the anal finrays. If any

melanophores are p{reuen:, the cham‘:u s co‘n.mend present.
Pelvic fin plguel\l: - pig-entJ the distal 2/3 of the cnnnectlng
membrane between the pelvic. fiotays. “1f any piguent is present, the

[
character 1s present. |

The :enlntiv: neparnr_ion of scotinn Shalf l!rnghycis larvae im’.o two

groups’ was e-:abnsmd by first éauplrlng a §ize series of known Gulf of -

| St. L!wrence . 'tenuis 1nxvu (u. Chﬂll 18  not reported from the

Gult', Munick 19714 Markle et.al.’ . 1982) with Scotian “Sllel('lnwu, and N

by using characters common to both juveniles and larvae of each species.

Based upon_ differences . in téntatively identified  larvae, meristic,

morphometric| and pigment ‘characters were chosen with the aim of

arvae.




RESULTS \

Meristic characters |

Meristic characters|are lsted for each species in Tables 2 and 3.
Adult complement of ver%ehrlz‘ finrays and ;pibtlnchlll “gill rakers are
developed for both species by 15.6 mm SL and are suamarized n Table 4.
e the exception of caudal flnr:y; and epibranchisl g1l1 rakers the

xanged of all meristice overlap considerably and are of Linited use for
apciat
u\lfx.l finray counts separate unu grentux than

separation of larvie.
7-8 om SL (Fig. 2), This|is the siu 8t vhu‘n 1-rv.= “c.xn the’ ldul:
conplement ‘6f “caudal fintays (Teble ‘). Despite dlfferen:u 1n caudal
“fiuray cowts, causl finrdy structure is siailer’ (!lg., 3).

So-e Urophycis chuss ch\lu lnd |1f tél‘mi.l were ob-erved to have 4 “and 3

epibranchial  gill rlhr! u.pecnnly (Fig. &) and  therefore
4 .
eptbranchial gill raker counts vere 1y higher thas

reported (Musick 1973). | ¥
v \

Observations of clesred and stalned pelylc fins revealed a loss of

the third (most ventral) pelvic finray in both U. chuss asd D" tenuts

(Fige. 5and 6). The !h}rd ray is essentially reduced to a nub and is

mnot. txtemlly vhtble in ldlrltl. .

1
b ;
|

N




Morphometric characters

’

Of the seven morphometric characters examined for Scotian Shelf

Urophycis greater than 10 mm SL, body depth characters were most useful

for identifying larvae (Figs.

7,8 and 9).  The nearly identical means

‘and overlap of ranges for preanal length (U. tenuis, Ne125, mean=45.21;

range=41.4-52.5%; chuss, N=88, \ieAn-lnA.ZZ, !lngeﬂkﬂ fn-SO.éZ),

second dorsal . ‘fin length' (U. tenuis, N-122, - mean=54.2%,

chuss{ N=81, neafif36,0%, range=49.9-61.77), 'head

range=48.2-59.7%;
length (U. fenuis, N=123;,) mean=25,0%, ranges22.4-28.9%; U. chuss,

N=85, nean=24.72, range=19.3-2678%) and suout length (U. tenuis, K=96,

mean-i ll\ range=3.6-8.8%; ! chuss, Il-b], mean=4.9%, range=3. 5-6 27)

aresof Ateeleiuse 1n species separation. "

0f the thrse body depth characters, body depth at vent (U tenuts,

N=125, mean-{ll, rlnge-)é.h -20.2%; chuss, N=89, mean=15. 91,

rangé=14.7-18. Qi:‘more useful than, body depth at -the firet. dorsal

£in (D_: tenuis, ='§7,'nean-21.31, range=18.9-25.2%;
mean<i9.3%, range=17.4-22.9%) and body depth at{the’ second dorsal fin
.
mean=18.5%, range=16,2-23.5%) for identifying larvae.

tenuis, N=97, means20. 0%, nnge-lﬁ 0-23.7%; UL clnm. Nabl;

4 the relationship body depth / standard lemgth X 100, is ngt
Ltnear for the . elze range of: specimens ,exmingd, (Figs. 7, 8 and 9)

ody depth chafggter means and ramges are deterained only for the linear

_portion of the relationship, L.e.- for spe:imznn greater than 10 mm SL.

Below 10 mm S there is much more variation 1n these  characters mlklng

them less useful for species 1d=nt1f1cltion (Fig

< ¥

T B and' 9),

chuss, Ne4l,-
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Morphometrics from Gulf of St. Lawrence Urophycis tenuis greater

than 10 ma SL-bhad character seans similsr to or greater than comparable

meansef Stian Shelf U. tenuls. Ranges gemerally fall within the
: tioule

ranges observed for Scotian Shelf . tenuls. R

’ . )

Pignent charficters helpful with separation obgrophycls chuss and
U.  tenuis larvae gre dorsdl row pigment, pectoral £in plgment, midline
plgment, and‘caudal peduncle pigment ~(Figi  10).  Other ‘then these

charactérs, pigment development in U. chu

snd_U. tenuis larvae
appears very similar (Plgs. 11 and 12). a
Dirsal row pigsent was present in some Urophycls chuss larvee

between 6-15 mm (Fig. ~ 10). No Scotis Shelf U. temis larvae were

observed with dorsal-row pigsent and only one Gulf of St, Lawence U.

fenuts larva (11 mm) had the character. - oF
" pectoral t1a pigment is present in both Urophyels tenuis end U,
chiuss “larvae (Fig. 10). It 1s developed by 4 ma SL inJ. temis and
was observed in all specimens examined. The character develops between
410 w tn sose U. chuss and was present in all U. chuss grester tha
10 mm. This character is useful in separating ‘larvae betdeen ca. 4 and
8mm Si. - .
The mi..dli_na space character 1is present in both Urophycis ﬁ and
:_e@i larvae (Fig. 10). It 4o’ primr(ly associated with B

tenuis appearing. in some betveen' Lmm. 1 develops at 4-6 ma in U,

tenui.

15 present in all specimens from 6-8 ma (5-9 mm in the Gulf of
» - &

|
+
i
H
i
{
f
i
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b mmf muon oi hnn (Fig.. 10) .

%

St. Lawrence) and' 18 present in some Gulf of st. " Lavrerice

_betveen 9 and 12 am. lh‘ character was pruu[ in m U. chuss larvae

(7.2 and 7.3 m). Pin‘ndm after ca. 10-12 mm coceals the

charac rer, . 2 : § ) ¥

ol padaie. Yt vu’\oboenefl i _u;m‘ 1s chuss Secins’
betwmen’ 7167 m (Pig, 10) " Tha character ws .nof db erved 1mx )sséé{ah .
Shelf U 1

N - -
2 . tenmuis but was a:jd in one Mf,?uf stl
e s i
tenuis larva betveen 10-1lums - w PR

/:’elv*: an

and ‘cadal fin  pigmentation @

lpecte. at ‘the ‘same’ stpges of ~ dev

Ossification

* Drophycis chuss
.
N
By 6.5 mm n-u vertebrae, except the 3 posterior vertebi
pnuxum—y, dmu(r,, 4, fostegals , cledthra

3 reys, pelvic fiar

beies ©F the mandibalar arch ar ossified. o only fins 'n{iad are

the pelvic fins, vhere ossification is evident at the base of each ray.

¢ 1a_sections of the epibranchial nd’ cénigbr-ncl\ul nl (he first
W
stil

At 8.1 mm SLall vertebrae, -u peuoru finrays ﬂcepl‘the venu'ul' Z

s apt, for thefr extrese :ipl,/the tiret 33 anal:




.
3 fimray’s) all casial flarsys exept the £170¢ 3a nnrior mHe 2 :
= lnf!riox rays, the froatal bone aod nost. bones om.u mandibular .r;n
- . P i
It ‘.
. . ymul centruk -nd the m.m hy‘punll 1 and 2.
b “ By M.l ma sl ai pectoral snd pdv:.c finrays
- 1 .

“bver  2/3. thelr leng:h. 'me,.nzzuorl. firse doral, 49 second dounl R

35 lnalrﬂnr-yl wnd a1l candal ﬂnrnyl, ‘ecet, thé tiree 2 nper:lcx

firs® 2 inferior rays, vere ossitied, Supporting elewnts af}ma udnl -
)

ﬂn hu:lnﬂng durlll l

Ventril aciessoty bones,

spines  of the nl:ond preural centrus, ep‘dm-

, V,Szuxﬂ.-‘ 1-5 were  opsified. -
5 1 . ; k) '
( i branchial ;" caratobrsaeiad, il raker: P
i g . ¥ ¥
. \" o nasxﬁueion s at s Swm. Ot . P
g ) ; e L ;
- k By 2.4 -’sl. a8 muy- vere. oulf!d except the thue poAd.og: 3

1-rlyl-ven not

C ' orTEs o 'lha .ﬂ]f “fin. - The exl:nn tips,0f all

VT Cossified. e Hirst 7, 19 and f0° dmmduu ptemlnphnlu of the £
=
wE e, ! £t dotsal, second dorsal and “ansl £ins mpmmiy wvere onmm.

Bpihnnchhl > cuntobnn&ln.l M-gill r-k‘ s vere nuﬂ“d.

£ et A i
X

AT"29.6 mn SL the 3 polullnr rays of ‘ the ml flI were nol’.

“ossithed. * The firet; 10, 53eid 50 ”tenulluta puryg-xapmes of the .

AL ~fxm dorsal, unapd aornl andanal fin tespectively . were ossificd. \

. plhrunchl‘l, ceratobimehial wa’ UL Takeis were o--:.fm. smu.

1 statied vhh alcia blue; vere- ﬂnr_vuma at nu. s
% z “ - d 3
A R a3 J; g
o\ " ¢ T .
& s — ! d .




", 'and gi11 ; -ken vere not ossified.

ot r.l\ldal for

enuis larva to pick up .w red stain-was 8.0.mm

At .this sizé the first. 38 vertebrae, prmxliln'ry; dentary,

1s, cleithra, e and mbst bones of Lhe -lndﬂm!ar

arch were ossified. Five dorsal pectoral fiuraye and all pelvic unny.

.were ossified at the base of e.cb ray.- ~Epibranchial, ceratobranchial

«f

vertebrae, 8 51

< By 13 s mm SL :}g firae

dolhl ﬂnxl’l ‘were ulsifled. )Iu anll ﬂnr yl were ﬂ!.ifid-< All

except the firar 6, lnperlnr ad HEse 7 m:mo: rays

-:re olllﬂad Du 12 dorsal peclnxnl finnyl. were o-‘\i.fied. ~By 15.8

{‘mm"'SL the: g": ‘40 caudal vexmme _were ossified. Epibranchial,

ean:oﬁrmmu And gill nnu (at - the point of lniéulltlon) were

ouifl:d. s 2 i s

" A£-27.8 nm SL 411 vertsbrae and pectoral finrsys were jossified.

The anterior B,% z\d 26 rays of the £1fst dorsal,. second dorsal and

~-anal fins respectively vere ossified. ALl casdal finfays except the
-upn’iw and 3 foferfor ays vere vesified.  This 1o the firer
ed.  Doréal - and

15 o the caudal fin

cantgmn, eguriln'1and.2) ynnhywrnl and hypnr-l

“were  ossifted, The fin

second ‘dorsal ahd anal un. rgspestive y were ossified.’ . Proximal ‘and

dor 1 and 9 second ..

«36 and_ 26 1nr.arlud1nt| pnryginphnxuu of tha '

u-m\elmnn of | pze:ygxophoxu were mot onmcd— for .any fins.




* the. pceryg;opﬁo:e’a wére m)r.

ossified. - : o B e e ] }

At 39.6 m st all flnxays vere bssified éxpapt the last tuo.Zays of
the second doraal und anal fing and the first nnpsrinr and inferior rays
of the caudal £n. ALi {ntérmediate ptetyglophores vere ossified except

the .following ior 3, 2'and 2 p

of the first dorsal,

second dorsal, and anal fins rébpectively.,No proximal elements ‘of the

pterygiophdres were ossified. Distal elements -were ossified at the

pojnt of articulation “with the intermediate pteryglophore. Scales,

‘stained by alcian biuve, were first observed at this'size.

By 97.8 nm SL Ll finrajs were ossified. The proximal elements™- of

nteryginphorel, “although more aulfied tl\n\ m pl‘evio\ll upeuun-, Ayere

st£1l ot muy ouiﬂed.

e’ dtstal ; elementl of the %
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DISCUSSION ! e 3

Previously* juvenile Urophycis fenuis'and U. chuss were identified

o a minimum of ca. 18 mm, SL (Markle e('.sl. 1982) based upon
\differences in epibranchial gill raker cdunts (Husick 1973). The adult
complement 0f epibranchial. gill rak;xs 'is developed and 18 reddily
apparent in cleared and stained larvas ab small as ca. . 12-i4 m  (Table
4). There is, however, variation in this adult complement as nc_:saianal
specinats Were observed with an additipnal gill raker (Fig. .4). |
Total caudal finray counts also separate vr'éghzcié chiiss” and” U

‘tenuls (Figs.' 2 and 3). The ranges are similar to those previcusly

reported (Markle 1982). . The:small ‘éverlap of counts and.: the - early,

development of ‘the adult coipxewn (7-8 um, Table 4) makes differences
. hoLH » i 5 5

in caudal fintay counts a good charscter for separation of U. chuss and

spd Cable (1338), and Nighols and Breder, (1927), have
reported U. chuss as slender bodied relative to other Urophycis. Body

5 5 . .
depth measurments (at origin f D1, D2 and vent; Figs. ‘7, 8 and 9) of

-pelagic ' Scotlan

chuse' and, U." fenuls confirm these

observations tenuls tends'to be the deeper-bodied .of the o

sgécies.' . . ; ) '

Pigment cha:nf:un‘ (éspectally’ caudal peduncle, pectoral fin,

dorsal’ row pigment and midline space characters) are most heipful with
- ;

* larval a when pigment

i at fts most dynamic stage.

/Mbls Gccyra at ca. “4=10'mm, | fhove and below these'sizes there is much




{
|
1

less change in overall pigment pattern (Figs. 11 and 12) and
differences in pigment pn::;rn are not as apparent.

Both species huve_pei\yu fin pigmentation which is also present in
other hake-like larvae including yny_cis chesteri (personal observation),

Enchelyopus cimbrius (Bigelow and Schroeder 1953) and Galdropsaris ensis

(Markle 1982). Urophycis regia apparently lacks pelvic fin pigmentation

(Hifldebrand and Cable. 1938). o

Ossification, observed in cleared and stained larvae (Tables 2 and
3) ’ occurs in an anterior to pn:Ferlnr direction for both Ul‘thZDli
species. The first structurés to ossify include the bases of - the
endibular arch, dentaty, pzmnx_xué., branchiostegals, cleithrd and®

parasphenoid.’ Anterior vertebrae ‘ossify ‘before posterior verteprae?

The pelvic fins are the. first fins cto oséffy in both species.

ssification of examined structures occurs at a larger size in. U.
E_en_;i\s_ than n U. chuss. U. chuss has all finrays but the three
posterior anal Finrays ossified by 20.4 mm, in contrast with U. tenuls
which attains o approximately the same stage of fin development at 39,6
um, tuice the size of U. chuss. Finrays. osalfy before supporting
pl;ryginphorea. & ! o
Taere are three pelvic finrays for Urophycis chuss and U. - tenuis

at all sizes® examined (Figs. 5 and 6). The ventral ray is greatly

reduced 1n larger specimens of Uropfiyels. This ventral rudimentary ray
1 difficult to see in adults that are not cleared and stained.

reductdfn oNthis Einray appears size dependent, but may also be habitat
dependenf as 'the' ;ay ‘pecomes' rudimentary at about the time the fish

becomes demersal. The ventral pelvic finray of the large pelagic U.

L
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tenuls fuvenile (63.7 mm| §L in Fig. 6) is-longer than the same rqy in

. the smaller. but demersal specifien (53.1 mm SL). Ontogemetic chanmge in

number of pelvic finrays for hake-like -'genera has been previously i
C reported (Markie 1962). Phycls and Urophycis are the only genera where
loss of a single pelvic §inray occurs. ‘Larval Enchelyopus and
Gaidropsarus fnitially have 4 pelvic finrays at 2-4 mm. This increases
to - the adult complement of 6 for Enchelyopud obtained at ca. 14 mmfd

8-9 pelvic finrays for Gaidropsarus obtained at ca. 22 mm. Loss of |

pelvic fin pigment also appears to,be habitat dependent. New demersal

chuss and U. is have only traces of the pigment remaining.
chuss tenuis 5 oy emgin

- ‘ 3 . : ' )
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INTRODUCTION

Growth rates for Urophycls chuss and Ui tenuise are poorly

cunderstood (Nichy 1974). Adults have been difficult to identify (Musick

ingdish between

1967, 1969) and it has previously been impossible to d:
larvae of the two species (Kendall and Neplin 1981, Fahay 1983).

Species-specific growth rates are, therefore difficult to determime. .
Conventional methods-of preparing and examining U. tenuis otoliths have

been ineffective (Hunt  1982). Otoliths are often. unreadable, with
. B

confusing growth increments.

Despite these phgblens, age-leng have been
for adult Gulf of St. hw’unce Urophycis tenuis (Nepszy 1968, Beachaum

and Nepszy 1980, Hunt 1982) angd adult & chuse from Georges Bank

(Rikhter 1970).  These data indicsfe that adult growth-is rapid.

Growth rates of larval and small juvenile Urophycis are unknown or

poorly understood (Markle et al. 1982). Pelglc Gulf of \St. Lavrénce
o, ' tenuis grow ca. '10-22 im per month and demersal U. chuss collected
.fron scallops grow 10-15 mm pet month (Musick 1969, Markle et al. 1982,
Steiner et al. 1982). Early grovth does appear to be fast mrkle et
¢ al. 1982, Steiner et al. 1982). T
"* In this study I present dataon the age-length relationship for &

chuss and U, tenuls less than on&—-yeér‘uld.
\
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Data. Collection

MATERIALS and METHODS
Collection Sites and Gears

larval and juvenile Urophycis chuss and U. tenuls were primarily
collected from the central Scotten Shelf,.St. Andrews, Passemaqioddy
Bay, New Brunswick (Fig. 13), and Bellevue, Trinity Bay, Newfoundland
(Fig.  14). ' Detalls of collections are . sumarized in 'rahlé: &
Passamaquoddy Bay . inguiline U. chuss collection -data and’ length
Ereqgncies ard: sumarized in Table 5 and Fig. 15. :

’ PR .
. 7 tnless o;herwise stated, all 13:;:1;: are standard length, measured
with dial calipers to 0.1 mm. ALl weights ate wholg welght measured 1’
the field with a be,’m\\?uance and in the 15110:;;%«}& a’ Mettler
vatkisd. HETGE was Auteraind. 6 {the mearest 0.1 gran ‘after cach
"specinen was blotted dry. T

‘ Methods of processing U‘roghxcil'differed slightly for pelagic and
demersal individuals. [Pelagic Urophycis collected from the Scotisn
,Shelf (R/V LADY HAMMOND 40; - Table 1) were measured, placed on filter
paper in plastic Petri dishes, and usually frozen within 5-10 minutes to

preserve otoliths. Pelaglc specimens were not weighed due to the

aifficulty of accurately weighing small larvae at séa., Passamaquoddy

Bay demersal juveniles were measured; weighed and to preserve otoliths

frozen at ca. =20°C “within 2-3 hours after capture, ALl Ipeci.men}
: —

.
[N




21

remained frozen until just prior to processing.
In the laboratory, thawed Urophycis were identified ,and measured.
Sagittae were removed from Urophycis > ca.#¥S mm following Fitch (1951)
d from smaller Urophycis following Pannella (1980b). Prior to otolith
7 S .
U /"’h‘"’-l

1ndividusl microscope’ slides.( Additidn o two tothree drops of 95% .or

4.5-28.2 mm SL) were placed on

‘egoval, thawed pelagic

absolute ethanol molstened tissues of the héad region, allowing easier
extraction of sagittae. Otoliths, ranging in size from *100 to':1500
m‘lcrons, were' rémoved using fine ‘forceps and insect pins mounted on
wWooden rods ).n&er a 10'X 4 binocular dissecting ,mj.cruscope. Reflected

1ight was used during otolith removal, 'Traneditted light vas used while

"epnur.lng otoliths from otic sack and adhering tissues.. Once isolated,

.two drops of 100% glycerine were added to preserve the otoliths, and to

Lo . ~ L
help re-locate them again prior to gounting. If neither . otolith

required grinding both were left on'the same slide ard were mounted

\gir.hn_r“ If grinding was r,eqn’ired each ntou:ﬁ was placed on.an’
individual microscope slide. " : ) ¢
Béfore. otoliths upxe'moin.n:'ed, alyieeihas wid ALbsslvell WIEE 258
_drops of 95% or absolute ethanol and wiped from the slide while the
otolith was viewed through a ilcroscopes. The otoliths were alr dried
“and a .drop C— Epon mounting medium was added. The Epon was
spread ab thinly as’ pofsib{e sfnce thin' preparations require less

grinding time. Hil:ri?gpe slides were placed in a drying oven at 50°C

for approxjmately 24 hobrs to hdfden the Epon. - s

Grinding is requfred if all increments from the nucleus to the edge

of the otolith are not visiple. An increment is defined as a’wide inner
! . "~

T
»

i
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) cled band and a narrow dack outer band adjacent to’it (Laroche et al. (. L
1982; Flg. 16 this study). Otoliths were ground by hand against $400
sand paper. To facilitate grinding, the otolith and sand paper were
kept wet. By alternately g;:gd.tng/i-(d observing increments through a
campuund nicroscops ;T Was able to tell vhen the nucleus as exposed. .
To enmhance tie angearance of increments a drop of ethanol or glycerine

5 - vas added (Pannella 19820).. To cteh otoliths a drop of  0.IN q
hydrochloric acid vas. ldded and then umoved after 5-10 seconds. R

Once otoliths vere ground, the incrementé were counted. Two sertes
- of counts were wade (two counts per series) of. all increments (daily and

\' subdaily) and later of just datly incg:nent / present in eack -otolith.
s .were attempted: 1) counting -

Thies methods of countiig 1 Ygezene
indrenents difectly tron. the otoltth ustng & compound migroscope, ‘2)

photogtaphive eactfiotolith “dad ‘cobublng inetements row's composite

photograph and 3) projecting the image of 'the dtolith onto a' white

background using a microprojector (Morris‘1983).

o ¥ The third method proved to be most ‘satisfactory and yielded the

p cotnts reported here. With the nicrnpﬁ;:[az it was possible to cbtain . |

tracing of the incréments present 1in:-'each otolith. Adjustieg—The

microscope  focusing mechanism' highlighted. certain increments tha

" okherwise would not have been visible or gountal
plane. \ o a b

o
' Two methods of 3 of otolﬁ _were

ble in a s

attempted ‘for Urophycis tenuis larvae and juveniles. The first method
.. Drophyels

on ripe Gulf' of St.

-~ involved raising fertilized eggs collected.,

. p s N )
lavrence U. tenuis, _These eggs were tramsported ¥rom Souris, Prince




o Coow

Edvard 1;1;31, to DFO’ Blological Station, St. Andrews, NB. where they
weré held in aerated brood jars suspended:in a water bath at 12 C. The
objective %as to xuls; U. Benuis larvae and compare the number of daily
increments present in otolithsgro the kown daily age thereby obtatning
the rate of increment deposition, The second ue‘:,hod of determining

increment. Pgtlm was by raising 9 juvenile beach seined U
(58.3-108.1 mm SL)

tenuis

X er stressful conditions with the aim'of  producing

. '
a.’'stress notcH on| the sagitta over a-known time interval (Pannella

1980b). Three U. tehuis wére placed in each of three holding tanks

(tanks measuring cg. ‘‘45cm X ' 40cm ‘X 30cm) at DFO St. Andrews, NB.

. Photoperiod, temperature and food were altered markedly between 18-26

i .
August (Table ). ko "stress fish and'notch otoliths (Pannella 1982b).

Salinity samples, fish length and weight were determined om 21 July, 18

August, 26 August | and .8  September; temperature was measured datly.

Fish were not fed thé usual .ground herring or chopped squid meal on the
day when lengthe| and. weights were determined, Each fish was
anaesthet\zéd in a A-\EZ solution of tertiary amyl alcohol while lengths

and weighth wergmeasured. An additional 4 U, tenuis (129-188 ma SL)

tengls vere ‘fed

were raised from 18 September to 18 January. Thesé U.

" daily. on ‘slternating, weeks. As temperature and salinity remained at

ambient Passamaquoddy Bay conditions, ‘these Us tenuls’ were only

stressed by alternating the feeding’schedule.
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Déta Analysis »

+ Data management and u@s were perforned using the sm‘:u:xcu_
Bnalysis System (SAS) (Helwig and Council 1979). ALl estimates of
significance Werd based on p = 0.05..

Hout. data yere analyoed uoing rogression snalysis. " staple least
" squares’ 1inear zegression analyses. vere perforned on data having no’
error in the independent vntlnhlq, 1.e. length frequency plots where
date of capture (D0C) 1&' the  independent varteble: (Sokal and Rohif 1969,
Ril:ker 1973, 1975, Lavs and Acchie 1981): For each regression, sample
size (n), correlation coeffictent (r-squared) and regréssion equation
were determined. o

. . « ¢ \
e To determine the difference betweeen the two se\(ieu .0f. otolith

counts for pelagic Urophycis chuss, the first count Has\;rlot(ed against
the second and the slope was caleulated'by stuple least \uquareu “linear
regressign. This slope was compared to a theoretical line of slope =1,
a line.of perfect agreement, using a t-test. The mean of e;ch set af’
counts was plotted agaimst U. chuss ‘dtandard lemgth to obtain an

estimate of daily age and total increments at lemgth. ° ;

To time for Bay caught

tenui

. 95% confidence intervals. were included on the ‘regressiom of
length vé. date of capture. The regression and confidence Ilgits were
extrapolated to size at hatch (2.0 mm) to deternine.spawning tim

Bguldualu of 511 slgnificanl’. regressions were plotted and vinmuy

exanlned for evenness of above and below the -

. predicted lire. Residuals vere also examined for patterns ~which, when
. 5 - v
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present, could represeit anomalies in. the data (MontgomeTy 1976).
Lengths .of October and Novz_mILer Passamaquoddy, Bay' U. :e_m.x_a__ were
comyertad “frou total length to standard length by the equation TL s
1.1(SL) + 1.23 (=30, © squared = 0.97), where TL and SL are total and

standard length, in millimeters.

\




RESULTS ’

! , Urophyeis chuss i : ‘
N s
Datly and subdaily grnvth Ancrensnts were observéd in sapittae

pelagic larval and juvenile, Urophycis chuss mmnt.s-za 2m SL

N(Figs. 16, 17 and 18). When present, subdaily increments Here _weakly
. N

defined,

Usually only one"subdaily increment was observed between daily :

increments. Féw subdaily increments Were obscrved fn sagittac from
small U, chuss (ca. 4.5-8.0 m) as the mean nusber of, daily and total

5 5
T increments vere similar (Fign. 17 ‘and 18). More' subdaily ‘ncrentats | %

2
¥ : were,observed in lafger otoliths (Figs. 17 aif 18).

Grovth of pelagic

Scotian Shelf Urophycis chiss _larvae, .and'

“juveniles between 4.5-28.2 mm SL 1s linear (Fig. 17).

No significant

differences in slopes vere observed’ between increment counts 'and g

theoretical 1line of slope =1 for daily (: 1, 759~ d£=29)" an .toca!. (z

= 1.269; df=29) increments. . The' mean"of the B daly sncresent codsts

was plotted against . u-udu-d length to obtafn a growth rate of 0,9 m .

per day or 28 mm per month for pelagic (9_ chuss between Q282 m SL

(Fig) 17). ) s g s o 05
v . - % L%
- analysis on
bexton

‘Bay \inquiline and ;
. ﬁnled Usophycls cliuss data vas only slgnific-nt for the anuiltnlf' 3
- P\

tviduls (:28.9, df-l 2, Fg. 19). Growth (mm) ‘appears:. LidesE ¢

for inquiline U. s between 63.9-117.9 mm . SL'(Figh| 19) amd a. - - U

¢ nonthly growth rate of/11 nm (0.4 im per day) is cilculated.

) B = n B

SN _ S
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wr Urophycis tenuis . . B . i

t

- ¢ ¥
Verification of daily growti i ty dd

temis otolsthe was’ Lmluccessf\ll. The traditional method of raising

- known uge larvae and compmng thelf age to the number of otolith growth

inc!lments *(Brothers et 6, Barkman 1978, Tsuji and Aoyama‘1982) -

Saifled dué 3 and ; death of, i Peggs 1n

! brood jars. The second method of mnrking or lmtchlng otoliths (ymu:h-

1980b) was vnsuccessful,, because stress notches; 1f pfesdar, could not ™

o R W aufeunu.':ed fron ragullx grouth incremengs when ouh:ns vere

eunined The:eiuze it wag not pnuﬂ'rle to 'H{S‘e:';ly de‘mlne :h;

G hited e ATy Aabpen it o g AR L N
F . Growth (1qu:h) 1s linear for Passamag Bly demergal lJrq : \
\ § : -ténuis (Ao—zso m). cullected between Jupe and Navenbe!‘ by benqh selne ’
w0 5 aid uhrimp trawl (Fig. zo). ‘A growth r.’ie of c,z m per month or 1. a*m T
pen gy s caleulated (g 200 'ms reg enlon 1a: .mﬁnm e .
. (F=177114, df=1, m) &trnpolati;n ,nf d.u in Fig. 20 {ndicates S
'  Passamaquoddy Bay u‘ " tenuls: would ha@so—zao mn SL by December. - Cl., )
Pasdamaquoddy Bay Utophycis tenuis (‘mn - q9.4 +27.1 mm sx., Fg. ) v
20). are larger.in August than“Trinity Bay U.  temuts. (m!-n - 75 9:48.2 s

W e ™ 5|., Fig. .21, e % 3 =

Of the' nine demersal juvenile- thlcii r.emds (SB 3-108.1 mm su) ¢

" placed in holding ?k. an ; 21 July,seven'survived to 8 s;,;m.bu.

L lengths and weights of these fish nypeaz 1n Table 7. Im'livld\ml dlily
% £ o

I ,g!owi:h,‘ lengths and Heightl, nppen; in lele 8. Th- maximum gain in

i © - 1ngth and welght vas 2.5 m lnd 2.8 grams per,: d.y (T

The méh




1982. Initial and final lengths and -a;gm

growth rate was 3% ma per month or 1.l.=m per day (Fig. 22).,. Thi
un-uu.cn (P13, 22) was sigaificent (P=23.0; df=1,26)."
O the & desrasl juy:nﬂalk_qm ‘tenuts (129.4-188.2 ma su

placed in holdtng tanks o1 u septeaber 191, all survived to ‘18 Janvary

ppear i Teble 9.  Growth

rates m.d from 8,1-14.3 = y.x -nnxh or n.a-o.s = per day.




DISCUSSION

. % Urophycis chuss I L.

Phmnella * (1971) Firat repnr[ed daily growth increments from
.otoliths of adult Urophyets chuu, Gadus morhua and Merluccius
g Urophyets Gadus morhua . Merluccius

bilinearis. At’&erage of 360 growth bfhds per annuli were' deposited

during the £irst

this ‘avetags Euppcrti the' com:lnslon that one growsH band | 1s® depo.ited

cach day. (Fametii 9T ety growr.h ificrements have since been

L
verified in lugit}e f'mn mmeroun larval “and adult ﬁihes (B\'nthata et

al. 1976, Barkman. 1975, Brothers 1981, Laroche et-al. .\952). Thesé

. . . g
regularly occurrisg . well-defined. daily .1iflcrements,”- comsisting of

sleéraatisg light sud -dark besds,. were obgerved .in all U. chuss

naglttig cxanined.: Subdaily increments were alsp observed:

. The ptenence of s\lbdaily increments irv pelagic lI. chuss sagittae

is luppo!ted by. the fullowlng hsEvaEtonEy, PanellE (1980a) reports .

growth pmn:grnl of , both . inve i and

’

ed. are .terized by an high nm)fer\of Increnents

" 1o relation to, their’ actial age o days. Therefore the actual duily age

is less than thd, mm'bex of increments visible in the pmpnred otolichs,
fndicating the presgnce of subdaily 1nc!enumtl. Pamnella (1980a) -uo

were often present in "fast growing

4d, that subdad:

Xincremen
ittae, presumably fro flutetjgzoving £ishe Markle et al. (1982)

and Steiner et al. ' (1982) indicate U. chuss

8 a fast growing fish,

and thus U

chuss would: be likely ‘to produce  subdaily 'increments,

|

.yéars 4n sagittae of U. chuss. The connielency of
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b .
Luczkovich: and Olla (unpubl., moted by Steimer et al. 1982) report
growth rates as high as | um per day for pelagic U. chuss.’ Results of
By study indicate peloglg U. chuss between 4.5-28.2 mm grow 28 mm per
month or 0.9'mn per day (Fig. 17), in close. agreement with the
'obsérvations of Luczkovich and Olla. These. results nply extrenely slow
grouth during the first 20 days. Newly hatched U. chuss larvae average

2.0 mm (Miller and Marak 1959) and Tequire 20 days to reach 5 mm (Fig.
17’ fndicating a‘grouth }A‘ng of 3 am in 20 days-or 0.5 mm per day. -

; The environmental or physiological origin of/, subdaily patterns "
unknown.  Subdaily patterns could be related to some activity perfornl
twlce a, dayi - It would’ wot .appear that sthese subdaily _Ancrements _are_
related to twice daily feeding actiVity. Pelagic Urophycls w are

yphagous and feed opportunistically

the day with only one
peak . period of 'feeding betweeh 1700-2100 hours (Coates-Markle 1982).
Subdally increments could be prodiced by lunar or tidal affects as noted
inofber arudtes (Pannella’1980a). . If this were the case thea the time

g.the form of one

would be 12.4 hours instead

of 24 hoyrs. *

Scotian Shelf Urophycis chuss leave the neuston by ca. 30 mm SL

(Markle et al. 1982) and becosie, demer("‘-u'approxumly 27-38 mn

(Flg. .15). Based upon growth rates Fnr@ngic& " chuss - (Fig. 17)
these newly settled demersal inquilines (collected in late September,
R/V LADY HAMMOND, Table 1) are betweén ca. 1-2 months Gld and were
spawned during July-August. ~This growth u:; .,ée;s with Steiner ‘et al.
(1982). who estinate z}:’\‘éo anank 40 an U. chuss. are approximately I and
7 usiths Y. * The Jalyhugist “spivatas pasied for Storiin Ghai? v
* » ~ ¥
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—_—
chuss agrees with Markle et al. Z(1982). .

This study 1indicates Passamaquoddy Bay and vlcinit)l inquiline

Uroppgmis chuss (63.9-117.9 mn SL) grow ca. 11 m per month during late
spring and summer (Fig. 19). Musick (1969) reports a growth rate of 10
ma per mopth for inquiline U. chuss.. Markle etal. (1982) estimate s
sininum annual growth rate of 100 wm based upon May-Jure Georges Bank

length frequency data. Therefore the monthly growt) rate is ca. 10 m

! based upon a July-August spawning on Georges Bank (Musick 1974).

Stetner et al. (1982) report a growth rate of 11 m dn 21 days
bised upon November-Decesber length frequency data. This is a monthly
grnwth rate of 15.7 m. Au fmportant feature .of the Steimer et al.

(1982) ‘study was that growth was calculated at atime vhen recrultment

of small Urophycis chuss into scallop beds and emigration of larger U.

ch

avay from the bed are small. These conditions minimize the

difference betueen the calculated spparent populstion grovth snd the
true growth rate. ,Samples “ollected before November-December contatn
high numbers of mewly rectuil’.ed pelagic individuals whereas after
December few, if any, recrults arrive, but instead a met emigration of
larger U. chusu away from the scallop bed occurred. Steimer et al.
(1982) collected no inquiline U. chuss between June and August, the

time Hhe'ln most of Pagsamaquoddy B-y collections were made (Table 5). In

the ‘collegtions aboye—all _of growth vere determined

at periods of high recruitment .(Snpten_herv-?ecembel:; Weeick 1969) or.
pénodn of high emigration (May-August, this study; May-June, Markle et
al. 1982). ' ) .
The regression in Fig: 19 illustrates the size strueture of
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Passanaquoddy Bey, inquiline’ U. chuss during late spring and summer.
During these months a g owth rate of u mm per month'or 0.4 mm per day
is predicted. I s pect that this geowth tate'is an vndsrestisite ss
May to August are montha. of high emigration of U. , chuss from scallop
beds in Passamaquoddy Bay. Tnesefore only the smallest U. chuss (of

that year class) ichabio scallops at this time as the others have

outgrown their scallop hostsh~”"The regression (Fig., 19)- should

therefore be only used as a predictor of * growth while U. chuss is
P i ! >
inquiline and not,used to.estimate growth of similar size U. chuss that

are not w £ . P

Temperature lias.heen found to’be important’ im_  determining growth ’

rates of inquiline Urophycis chuss. (Steiner: et. al. 1982). In
laboratory studies mean growth rates (calculated from Steiner et al.

19 with 1o Growth rates

1982; . Table

ranged from 0.62 mm per déy (18.9 wm per month) at6.7°C to 1.44 m per

day (43.3 mm per monmth) at  I1.52C, ~Bottom water temferatures-in

Pgssamaquoddy Bay tanged from 4.4-11.1°C (Tsble 5), while the'range for
the Steiner et al. (1982) November-December collections off New Jersey:

Colder water .temperatures of Passamaquoddy Bay compared

was 9.9-10.0°
to those of Stelner et al. (1982), along with differences in ‘sampling

tiné, may be gesponsible for differences in growth rates. ‘

s 3t 16 a period of Righ enigration of inquiline u:amcu

A
chuss £réi” scaliop beds, it is possible that trawled U. chiss

(colleéted 14 August to 11 September; Fig. . 19) were previously

inquiline during winter-spring in Passamaquoddy, Bay and had to leave

their scallop hosts due to .increased growth. U, ’‘chuss originmally




recruited :o the benthos in the fall are capable of growing 250 and
possibly 300 um by the following fall for an annual growth rate of
250-300 mm (Steiner et al. 1982). Therefore the trawled U. chuss
Chigs 15Vwey e oneoyear Bids ther vire spavisd tha previis  SUBEE
having grow an  average of ca. 200 wm As these U. chuss are léss
than' the 250-300 mm post inquiline U. chuss reported by Steimer et al.
(1982) they may ﬁptes!n: the late spawned fish of the previous year
= 1

class.

Urophycts tenuts ' ,

cith Fitad ol ngh ba detatilined For pelagic Urophycis tenuis
in my study. Based upon Gulf of ‘St Lawrence (Northumberland ;:r;xc)
length frequency modes, pelagiec. u_ tenuis larvae and Juveniles are
estinated to grow 10-22 mm per month (Markle et al. 1982).

Von' Bertalantfy gro;t!\ curves determined from otolith and length

frequency data indicate Gulf of St. Lawrence Urophycis tenuis grow

200-250 mm durlag thelr Firat year (Hunt 1962). Stmilacly.Markle et al.
(1982) report rapid growth fo;‘nll.lnaquodrly Bay U. tenuis which, reach
250 i by December. If growth rates for Gulf . of St. lLawrenc and

 Passamaquoddy Bay g+ U. ‘tenuis are similar, it appears O+ U. tenuls
grov.ca. 250 mm during their firat year. Underfed laboratory-raised U.

tenuis average 206 mm by January (Table 9). Faster growth rates would
ot !

have been observed if these fish were fed regularly. As most of the U

tenuis collected in Passamaquoddy Bay were less than 250 mm they beléng

to the O+ year class. Not all the U. tenuis sampled in Passamaquoddy




i . % .
i . H
i Bay (size range *40-408 mm SL) belong to the 0+ year class. Combined 1

] data from Hunt (1932)‘ and Beachan and Nepszy (1980) indicate 2+, -3+ ‘.nd_ /\ ’

4+ Gulf of St. Ilawgence U. tenuis are approximately 330-350 mm,
S .

400440 mm-and 470-500 mm long. - Therefore some of the larger U. tenuls

~ taken in Passamaquoddy Bay belong to the second and third year cg—;rnes. i

Regression analysis on Passamaquoddy Bay.U.  tenuls less than 250 mm SL
" e

indicate a monthly growth rate of 43 m, or l.4mm per day (Fig. 20).. !

This 1s sfnilar fo an annual grovth rate of 250 m and possibly. 300 mm

for U. - chuss (Steiner et al. 1982).




. ECOLOGY ./

INTRODUCTION -
Although very similar in morphology, Urophycis chuss and U. tenuis
have different 1ife hatories chat are most apparent during the early

denereal juvenile -nsel. ch

tenuis nunplel the ne: lha!e shallows (Markle et al., 1982). The least

lmunt of mexllunce between species occurs in thlde hlbitltl (Markle

et al. 1982). U. _chuss spawns ‘in. sumer and overwinters with’

scallops, leaving its scallop host during winter-summer (depending upon
location) when 4t has either outgrown its host or cold water

tenperatures force it to leave (Musick 1974). Depending upon the

location, U. tenuis spawns during winter-spring. Juveniles move
- tnshore during spridg-sumer and'use the shallows as a nursery.. In both
habitats predation 1is .probably reduced (Able and Musick 1976, Garman

1983) ; survival is increased and growth appears to be rapid (Markle et

al. 1982). T
Urophyeis l:hlll; and U, . tenuis ecologies have been described from
the Scotian Shelf, Bay of Fundy, Gulf of St. MWEHCE*M th-lf of Maine

(Musick 1969, 1974, Nepszy 1968, Beacham and Iky:z)’ 1980, Markle et. al.

1982). These studies have focused primarily on adult stages with .

‘secondary or no emphasis on pelagic ‘or early demersal stages. = Most
studies on young O+ Urophycis have dealt with feeding ecology. Feeding
‘mue have been reported for syapatri pelagic Scotian,Shelf U. ﬁ
and U. © tenuis (Coal

Harkle 1982), for inquilinme U, ch

is lnquﬂ!lm with lcnllops.'nml u.

(Garnan i
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. ¥ .
: 1983} and small demersal U. tenuis (Bowman 1981, Imrie and haborn

1981). ™ ity shelter usage, growth and recruitment of inquiline [Le*
chuss are discussed by Steiner et al. (1982) and the peculiar sand
hiding behavior of sméll juvenile U. tenuis is described by McAllister
(1960). v st

It is the purpose of this section to report and contrast ecclng-ical

observations on primarily young (0+) Urophycis chuss and U. tenuls from,

Passamaquoddy Bay New -Brunswick, . Trinity Bay, Newfourdland = and the

Scotian Shelf.
x




o

MATERIALS and METHODS . |
L : s

Irregular * beach seintag at St. ' Andrews, N.By’ was usually)

confucted, at lov tide during night. Beach seiniv:é wgt prducted

bimonthly at Bellevue, Newfoundland. ™o consecutive low tides were

sampled on each trip, allowing’ comparison of consecutive day-night

collections. Two 24-hour beach seine series were conducted, one each at

St. Andrews and Bellevue Fishing effort was consistent over -the 24
U

hours with two 5-10 minute tows every hour in vater - 1.5 meters deep.

Predoninant - substrate types were mui-sand. at St. Andrews and small - -

rock-cobble at Bellevue. Surface temperature was determined with'a

w2 S
hand-held mercury thermometér. Salinity samples from Trinity Bay were

deternined by a salinity (American

Optical Company); samples from Passamaquoddy Bay were analysed with an

Autosal Model 1800 (Guildline Instruments).
Inquiline Urophycis chuss were collected by SCUBA diving om scallop

13). All collections vere

beds {n Passamaquoddy Bay and vieinity (Fig
taken elther at high or low tide during daylight, Addittonal ipquiline
U. chuss ‘were collected oy the Scotian Shelf during daylight. Bottom
temperature vas detemlnad‘t}r St. Andrews seffilop-collections with a
v.s. Divers undervater thermometer. St. Audrews and Eggﬂ{n Shelf
Urophycis vere usually frozen within 1-2 hours after capture. Bellevue
Urophycis - were preserved in 10% formalin.’ Scallop and beach seining
collection data are summarized in Tables 1, 5 and 10.

S’tandnd lengths were recorded for Bellevue and St. - Andrews
Urophycis; only St. X Urophycis. were weighed. Each Stabvan e
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from tid vent to the isthaus and froa the lsthmus to egch pectoral fin
6 exides the'stomech. ‘Tha stomich waa siretedat the postetior eatief
the esophagus and anterior to the pyloric cseca, ' removed and Ill!‘hﬂ‘
Stomach and contents were preserved in 101 formalin. Scallops
(Plactopecten magellanicus): vere measured from the hinge o the opposite
ead of the upper shell. For large catches of scellops, approximately
half were measured.

Two inquiline U. chuss collected by Mr. R. Hooper (Department of

Bologyg, Menorial University of . Yewfoynfland) from Rermitags Bay in
/ October 1970 (Table 1) represent the ntthern g.ﬁt for U. chuss:’ They
* have .been deposited in the National Muséum of Canads (NMC catalogue ©

number 82-008). \ =~ - e
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RESULTS

Urophycis chuss ) L 3

Tvo £ishes, Liparie inquilinus (Able, 19¥3) and Urophycds chuss
were collected from scallops (Placopecten magellanicus) during this
study. Liparids were only observed in Scotian Shelf scallops.

‘venty-six inquiline Urophyeis chuss were " sampled , £xon 1078
scallops collected in Passamaquoddy Bay and vicinity between May and
August (Table 5). . occupancy rates (100 X maber of acallops ‘occupled by ,
U chuss/nuber of scallops for each collection) of U. chuss ia

scallops were between 0.5-6.0% (Table 5). A total s»of 25 scallops

containing 12 U. chuss for occupancy rates between 20.0

10) were collected from the Scotian Shelf (R/V LADY HAMMOND 40 and  64;

Teble 1). Mo inquiline U.,chuss or lipsrids were observed in'any of

1239 scallops collected from Fox Harbour (Placentia Bay, NEld.; Fig,
14)  between October and November .1980. Where possibld bottom
temperature,, depth and substrate type were recorded for each scallop
collection (Table 5and 10). The first rsSanaguoddy Bey inquiline s

chuss were collected in mid-Msy (Fig. 19).,-This collection contained

» “
* the highest occiipancy rate observed £rom Passamaquoddy Bay (Tsble 5).

" The last- Passamaquoddy 'Bay inquiline U. chuss were collected in
. ' — == o

mid-August (Table . 5).e Scallop collections Juring “~the remainder of

August and September ylelded no inquilime U., chuss (Table ).  The
. T

omallest and largest inquiline U. chuss collected from Passszaquoddy

Bay wére 63.9 and 117.9 mm SL (Fig. 19). \




TChan 140 ma SL (Fig. 24). Ome Scotiam Shelf scallop (138 ms)

3

g . - .40
: /'~

AA1 scallops dollected in’ n.-mqmday Bay were greater gha.n 90 mm
but only scallops larger than 120 sm coatained tnqy Uropliyeis chuss.
(Fig. 23)." Scotien Shelf and Passamaquoddy” Jéy 1inquiline [U. | glpg
length Erequencies appesr in Fig. 1S. P .

Three Urophycid chuss length modes vere thserved from Scotian {Sbel £

scallops :nllednd in Sepl:elbe'r—l)l:iobet (l‘l‘ 15). ALl inquil:

chuss less !hon/ 4 mm SL were new. lttLvlll to the benthos.

1ves sides and

inpeiline U. chus were identified by | the presence

traces of black ptpent on pelvic fin tips.. . The cend mode (> 90 .

SL) taken on’ the same cruise;, had ~Eypleal henr.hic :ohu:m wuh duk

. dorssl and lateral’-surfacgs - and no pelvic fin’ ARt S e

smallest  and. largest 1nquuln=

. chu

collected on the Scut{an Shelf

were 2722 and- 1117 mm 5L (Fig. 15)- A w4y .

: Scotian Shelf Inquiline uny_hlnu chuss gruze! than”60 m SL vere
only collected from scallops larger than 140 m (Fig. 24). 0F \ene six
new demersal inquiline U. chuss, five wre remved froa scallops les
ontdised

M

two (36.5 and 37.4m SL) sewly recruited inquiline U. chu:

recruits were collected fron Passssaquoddy Bay scallops.

venty Urophycis chuss (> 160 mm_ Sl) were collectsd with s ".}xup

trasl off Deer Island (Fig. 13) in Patsamaquoddy Bay ( Table'l) .| The

stomsch fulliess index indlcates U chuss stoschs were fuller in| the
. @

morning than afterioon (Fig. 25).
.

-~

S

|
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;i -
L, were also collected at s

Urophyeds tenuis

@ Raa
M1 beach silne{ Trophycds vere identified is

U. tenuls; mo U.
chuss were seined “at either Bellevue, Trinity Bay or StJAndrewn,

Bay. ng: he—y'e

I:emlis) azrived in

Pae_yuquaddy Bey by 20 Jube (Fig./ 20) when  mesn - monthly ‘water!
tenperature snd sainity vere approsimately M°Cand 29,5 ppt.  (Tible
1¥;  Fig. 26).. First arrival in Bellevue was recoried on 24 July vh’e'ﬁ»
moan apnthl] wator teapdratire and salintey vere! abl;rvximately 13.5%¢C
and, 29.5 . “tHig. . 2; Table 1. “The last collectiop of seip!d

(_Pauunaqundﬂy]Bay U, temus (64, 5433 8 om SL) vas mlde on lZ Augul:

(Fig. 20). Mo U. - tenuls were collected cn,any qf the Three’ seine”

attempts (17 and, 18 August and "6 SePrember) after thts date. "fhe - last.

U.. tenuis collected in Teinity By was 64.2 m 5L, caught on 23 Oc'tober

v s

~ 5
(Fig, 21). No U. tenuis vere collected after 23 Oc:nh’r ,even though

sedning conpnued throughout winteri ,

The first. individuals to arrive at sampling sites were ensll 4066
mm 'Sl) with typleal pelagic Urophyels coloration; dar}d blulsh—green
dorsal, silver .sides ,ai'xsl long 5~ ;:iklllng, hlack-ll;;ped pelvic }inl ( Table
12). tew i gru\k occurred throughout, summer (Table 12) .  The

smallest U. tenuls seined at St, Andrews and Bellevue were .1 and

48.5 m - SL reepectively (Table 125 Kgs. 10 and21). Te largest

.seined specimens taken at eacl site were ‘142.4 and - 97,9 mm. SL ’

respectively (Figs, 20 and 21), Large (> 50 ns SLY. pelagic U, -teamuls

dufing September (Table 13).

‘Irophyels temuis at. both St. = Audrews and ng?xm.g vere * most
[ 2 L LA E -




lvuepr.lblg to bul:h m.u u night (Table 143 n.. 27) F

The index of stomach fnllm. ~1udiut.el fullut ltmdﬂ occur

o ducing hours of darkaess, spectally between 3000 and-0800 \m‘- (pig.
1 = & ©L ). a-pcyml full stomachs were uh-gned in both day and ‘might <
L i = @ collections. “Analyits . of variaice - perforned on .t{@nh weights = .

ed as percent fish weight) of 72 beuh setned Urophycls tenuls

g
. (Pg.  28) indicates:, U tenuls caoght between 0000-0400{hours had -

i ) T
. utnllchs thae k(sligntﬁnlntly fuller nuu. B mmu e ght at_aoy © g

k::.ponmm a! ‘ih Yopet yquares| r-guuion 1line 1n vxg.' zo’ ce' a g

ler and: Mirak 1959, Bazans *

un;y-ﬂv, pereent. l:mfxdmc:

v .. Hsity for'this ngunlon indteats’a ;p.-n.u. period of May-Jume.

ot:v.bxnnnn “uecT at Portugal Cove, Conception Bay,

lild.' m- 92 ‘!’lv U. tenuls had bemthic l:nlnratlon ‘but was taken ip N

s £lelu.n| voodln crate in 9-10 meters of water (’hh‘ . = v

.-
Tha ation.of the ~mearshore ‘arrival of

-p.x.,m juvanlh Dropbycls temuts 1s defayed wich tners asing latitude i
. ey
betiseen. New England and Newfoundland (Table 15). ~ . e




Urophycis chuss

DISCUSSION G .

¥ 7 M1 demershl Urophycis chuss (< 120 mm SL) were collected from -

inside the mantle cavity of live sea scallops, Placopécten magellanicus.

Mo small~U. chuss (< 120 mm SL)-were trawied in Passamaquoddy Bay even

. thouglf small  U.’.tenuis (< 120 mm SI) were collected by the small mesh

shrimp' travl. ALl known ‘popiilations of post-pelagfc U. chuss are

seiEAiEer itk S I0p l this symbiotic relationship. (Marklé et al.

1982), It'is mot lumlm 1f the relationship 1s ‘facultative or

obligatory. - o g :

" Stelner et al. (1982) present ;.bprn:;ry,evm.e}ac‘a. suggesting the
relntionuhlp is flcull’.nl:ive.; In. two e\x‘p/erimentu empty ﬁiv‘l.lvzg'and
depressions | Sisis Tioe scallops e preferred by juvenile
Uroglyets. chuss {over “wentie cavicids of 1iVe scallops. Seeking any

object that provides shelter appears to be’ a prigdcy goal of juvenile

. Urophycis chuss’ (Stelner et al. 1_9_81). Mnnclndon with scallops

should be advantageous for U. chuss‘as the only f: reported to prey

on P. magellanicus are Gadus mocpua, Hippoglossoides’ platessoides and
Anarhichas lupus (nmmh, 1964, ckenzie 1979).  These fishes - db. mot

_take many . large u.uop. as mbgt predation occurs on smaller juveniles

(chkenzle 1979). 3 * _.\- B s 8 g, ;'/

" e only.other fish spdcten observed in scaliops during this study

was ‘Liparis’ inquilinus (Able 197;).' Contrary to Blgulov and Séhroeder |

(1953) .no Urophye:

tenuis were inquiline in scallops.® Their report of
g 1

\
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"y : inquiline U. teduts mey be dup to misidentification, as they treat the
N

two species together. The only other fish reported in Bw magellanicus

gunnellus was found within

i ! 1s Pholis gunnellus. A single 120 ma TL
the mantle cavity of 125 mm scallop collected. in' the vicinity of
. Frenchman Bay, Maine (Garman 1983).
Gccupanicy rates of scallops “tarboring Urophycis chuss varied
temporally gnd spatially. Occupancy.rates were higher on the Scotian
Shelf (Table 10) than from Passamaquoddy Bay (Table 5). There are three

i possible reasons; for this. First, Passamaquoddy Bay scallops were

collected at a timesof high emigration 6f U. chuss away from scallop

beds (May-August). = Secondly,  there are -few large .scallops on the .

“Scotian Shelf (Bourne 1964). 'As the central Scotian Shelf is a spawning

\
ayea for U. °chuss .(Markie et al. 1982), the few scallops that are

_)reaen: would be Axpected to have hlsh occupancy rates. , Thirdly, high
infestatioh rates are also due to time of sampling. U. chuss spavn on
the Scotian Shelf in July-Avgust (Markle et al. '1982). -Since U. chuss
grow 0.9 mm per ‘day ‘(Fig. °17) and remain pelsgic until ca. 30 m
_‘ (Markle ‘et al. 1982, Fig. -10) Se.p:‘;mm and etober. should be " months
of thgh ze;ruxtmfn: of pa‘llgic:& chuss to :he‘hentin;- and scallops.

s:exngi-- et'al. (1982) collected thetr. first:ingudline U. chuss of . the
| new y:n! class 4n qu:eubu- )

After mid-Auguat no fnquiline Utophycis chuss were collected from

Passamaquoddy Bay ‘skallops (Table 5). Juvenile U. chlss remain

inquiline - unt1l ﬂmy> outgrow their scallop hosts, or until water

3 tenperatures colder than’about 4°C either kily the hske of force ‘them fo
. seek warmer temperatures in deeper water (Musick 1974). ALl botom:
i
by .
e '
PN ¥ o 4 . .
L 18 £
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water temperatures in my study eXcept one were above ca. 4°C (Table 5),
suggésting U. chuss outgrew tt:eir scallop hosts.

The absence of Passamaquoddy Bay inquiline Urophycis chuss after
nid-August may also be due to sampling artifact. Both U. chuss and U.*
tenuis prefer sand-mud substrates, occurring rarely on rock, shell. or
gravel (Battle 1952, Bigelow and Schroeder 1953, Leim and Scott 1966,
Musick 1974). OF the 18 ‘scallop collection dives, 5 were done if areas
vhere a' small rock-gravel t (Table 5). No

)
inquiline U. cliuss were sampled on any of these dives, 4 of which were

‘after nmid-August. These .data may reflect U. chuss preferemce for

scallops on sand-mud substrates.
"An unusual feature of the September Scotisn Shelf scallop data -is
the presence of two slze classes of U. chuss. ‘The mewest reamirs
(spavned ca. 1-2 months earlier) areWsilver sided with pelvic fins
slightly ‘pigaented on the pdsterior tips. ALL were less than 40 ma'SL .
(Fig. 15). The. sécond size class had typical benthic coloration anmd .
were greater than 90 mm SL (Fig. 15), These larger U. . chuss could

the last i of thie previous year cla

were . observed in ‘the Passamaquoddy Bay cuuecytons (Fig. 15).

Alternately, inquiline U. chuss greater than 90 mm could represent

exceptionally fast growing new ,recruits of the same year cldss as
individuals less than 40 mm. If so, these larger U. chuss would be
anong the first demersal recrulfa. &

Two uroyr;}nin chuss size modes were no[‘.preuen: in Pulllq.qunddy/

Bay scallops even though U. chuss is known to spawnsdn the bay (Harkle

- .
‘et al. 1982). The absence of the smallest mode (Fig. 15) could be due
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‘ .
to several reasons. First, had scallop collections been made through
. c e
September-October (months of high recruftment of, just spawned pelagic U.

chuss to scallops) the newly recruited U. chuss ffom the July-August

__spawning in Passamaquoddy Bay might have been observed. Secondly, if

chu

spawning—was delayed then re of pelagic 1s to the

benthos would be delayed accordingly. Thirdly, recently spawned larvae
~ .
may. be expatriated from Passamaquoddy Bay by strong Lidul‘cnrrentn

(Forrester 1960).

. . . .
Markle et al. tlsaz) found no inquiline Urophycis chuss inside
0
0

scallops less than'D0 nm and concluded U. chuss prefer larger scallops.
Steiner gt al. (1982) also reported s preference for larger scallops.
They. observed the length of an individual hake vas never greater than’
the Iength of its scallop host, although™on occasion the Tratfo

approached 1:1. This trénd is also-present in my Passamaquoddy Bay

collections (Fig. 23). Furthermore emaller Scotian ,Shelf U. chuss *

were 'foud i smaller scallops and larger U. chuss in bigger scallops
(Fig. 24). This -agrees with Steiner et %l. (1982) who repoit small
scallops contain only ¥mall figh butn arge scallopd contain all possible

sizes of fish, i

U. chuss are abundant in scallops during the day and less abundant

-

night (Steimer ‘et al. 1982). Laboratory and fleld studies indicate
U. chuss are more-active at night and that much’ of this activity is
related to' feeding ,(Steiner et al. ' 1982). ‘hcturnnl feeding 1s

inferred in my study by the index of stomach fullness deternined from.U.

the morning that tend to empty towards afterngon. . This trend is present

s

collected during daytime (Fig. 25), which show fuller stomachs in '

"

|
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w for both inquiline and trawled U. chuss. Vinogradov (1977-Tébles 8 and
il L., chuee g

¢ 9) indicates feeding of demersal U, chuss is heaviest between 0200-0230

|k hours. The ‘lowest index of stomach fullness vas recorded between

1800-1830 hr. These data agree with the nocturnal fe:dlng habits of U,

chuss inferred in this stidy and Steinmer et al. (1982).

.
. The data contrast with feéding data reported for pelagic Urophycls

Heaviest feeding by Scnl‘.lan Shelf peluglc U. “chuss occurs

between 1700-2{00 ‘hrs. with feeding cnn:muns to approximately

midnighe. (o,a'ce--uarkxe‘ 1982). Heaviest dlel ieeding therdfore appears

i
i
1
H

to witch fron primarily dusk for pelagic U. chuss to, late night " and

early momlng for demersal U. chu

Urophyeis tenuis

« Juvenile (0+) Urophycis temuis actively migrate inshore during the’

sprihg and sunmer (Musick 1969). My'study indicates this migration is.

pelagic, not depersal. The first to arrive

possess typical pelagic coloration. They are small (40-64 mm SL), dark i
! bluish-green on' the dorsal surface, silver on the lateral surfaces and

hive long, trailing, .black-pigmented pelvic finew These ‘pelagic

cxia_éacun,ij lost when U. _tenuis becomes demersal,’ Development of

demersal chalpcters upon settlement is descpfbed for U. chuss Y- Musick

(1569) al \bued upon seined immm., the same changes gepear in U.
tenuis although the = rate of change may be differept, @m
characteristics (coloration and body shape) develop in 12-48 hours once

|
! settlement has “occurred.» Once settled, U. | chuss resemble the adult’




\ w
being dark brown above and white below (Musick 1969). The ventral fins
. which trailed at the side of the body now extend forvard as the fish
slowly swims over the bottom, presumably using them for food searching
(Bardach and Case 1965, Pearson et al. 1980). i

Once inshore, Urophycis tenuis apparently continue to vigit the

water column to some extent after they have become demersal and

developed adult coloration ;

shape. One individual (91.8 mm SL,"’!‘nhla

. " 1) caught 1n Portugal’ Cové, NEld., had typical adult cuiora;ton (dark
dorsal and lateral surfaces, white ventral surface and no 'black: tipped

N pelvic fins) bit was caught at the surface in vater about 9-10 neters.’ A
deep. -Needler (1940) reported U. tenuls caught in surface, gilluets '

located at the mouth.of ' the Bideford 'River, Prince Edward Island.

* Stomach content’s also indicate "demersal” U. tenuls forage in the water

column (Bigelow and Schroeder 1953, Petrov 1973, Imrie lnd‘l)abnrn 1981). —_—

Depending upon sampling time and location, frequency of occurrence of

pelegz.t, ctustacean fnod teens in V. tenul' varies from 3.3 to 24,4

. (Petrov 1973).  Althoush  Bigelow and Schroeder  (1953) © did * ot

distinguish between U, tenuls and U. chuss they note Urophyeis feed

far ‘enough off the bottom to forage on pelagic . euphausiids :
. Meganyctiphanes and Thzlanoeuau‘. Similarly, ' Imfié and Daborn (1981)
. ‘note H. tenuu collected in Minas Basin, lhy of Fundy had been f:ad!ng

ona m.d spectrum of food tncluding ds, anphipods, J

1sopods 'polychaetes, copepods Aml my-ldl. lnrie and. Daborn (1931) note

in terms of biomass the henl’.hic crmponent. was nl ays domlnlm: and

eiuis apparently did mot utilize terrestrial or Silt pr,-n artpropods. © s i
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not found in any of the 23 stomachs -—pu‘d from U. tenuis (50-200 ==
TL) collected between ‘:hc mid-Atlantic Bight lnd‘kn;hn Shelf. N
Urophycis tenuis is a mesber of the “sumer ichthyofauna at the
sampling sites in Passamaquoddy l’nd\ﬂinlt.y Bays. Its presence onshore
during summer has been previously reported from Montsweag Bay, Maime,
(Fried 1973) and Cumberland Basin (Markle et al. 1982). U. tenuis
utilize the nearshore shallows appareatly as a nursery, arriving in
Passamaquoddy n.y' by late June and in Bellevue, Trinity ;ny by late

July. U. temlil arrives and remains when water

are the warmest (Fig. 26). tenuis is essentially absent from tl \
nearshore regfon in Passamaquoddy Bay, N.B. and Bellevue, Kfld. ' by
late August and late September rebpectively, although one individual was

taken on 23 October at Bellevue, Nfld. _Surface salinity varied only g

after periods of rainfall, salinity vas relativel

(nhh 11). . o
. A'though it is well documented that Ur E;ch prefer sand-mud-silt

4
bottoms to rocky bottoms (Battle 1952; lt;glw and Sth!oader 1953, leim

“and Scott 1966, Musick 1974)) all the U. temuds saspled’ at Bellevse,

Txlnity Bay vere taken on a small rock-cobn- bgttom. Those sampled in
ru-n-qunddy Bay (be-ch seine and trawl) were taken on mud bottoms. »

The onshore arrival of Urophycis tenu:

is pran-u:rzeq. with new ¥

pelagic juveniles arriving throughSut the summer (Table 12). This

“uggests a protracted spavning period. Regression analysis on length

" - °
data from q Bay indicate peak spawning during the
end of May. A spawning period of May-June is predicted when 957

Cconfidence limits are calculated for this regr

fon (Fig. -20).




Urophycis tenuis do mot appear to spawn in Passamaquoddy Bay. Spawning

does take place in the Bay of Fundy during winter=spring (Battle 1951,

Markle et al. 1982) but it is not known if the Passamaquoddy Bay U,

tenuls are fros  local or Bay of Fundy spawning. R
MostUrSphycis tenuis were collected dn% night (Table:14; Fig.

275, Although 1lit known about day/might differences in fish

catches (McCleave and Frled 1975), most information available indicates
greater catches ‘cnmbn of species, tn;:nl/indl‘{idmlu or biomass) are
obtained at night (Livingston 1976, Horn 1980)," although HeCleave . and
Friad (1975) collected fewer total !ndividuala at.night. . Sinilarly
Markle ef al. (1982) found the catchability of neustinic.Scotian Shelf
‘pelagic juwvenile U. tenuls to be strongly influenced by time at day.

t individuals were caught at night. .,

"

‘/  Diel activity patterns and ddytime net avoldance dfe two factors

believed responsible for in and sition of
net-caught fishes (Horn 1980). In this’ study, the vast Jagoriey of

Urophycis tenuis were taken at night (Table 14; Fig. 27). Targett and

McCleave (1974) found similar results in Montsveag Bay, Maine, where U.

tenuls is an. demersal ot the Lot 2 at night
but 16 rarely found during the day. (
Evidence suggests daytime gear avoldance is secondary to diel

activity patterns in laining di 1 ght beach seine

catches. Targett and McCleave (1974) used .a 30.5 meter beach, seine

while & 9 meter seine was used in this study, Net avoidance wofl]i be
"

expected to be less with a larger seine, but the findings of ~the ' two

tudi inilar. ‘tenits :

:_» es .are similar. Un@phycis  tenuil 1&: absent  from the daytine

5 ¢
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_ichthyofauna of Montsweag Bay, Passamaqubddy Bay and Trinity Bay.

51

Diel activity patterns may explain differences between day and

night catches. If UropHycis tenuis move nearshore at night (when they

~+"are caught by beach seine) and offshore during the day this activity®

v

", individuals to nighttime for demersal U. teny

pattern may be related to feeding. Fig. 28 shows stomachs are fuller
at night, especially between 0000-0800 hrs. indicating'U.| tenuls are
feeding at or near th’.u‘lme‘ There is little information available on

diel feedfng patterns of U.

otfan Shelf in  August ‘were feeding throughout the day

the

(Codtes-Markle 1982). Heaviest feeding occurred between 0800-1000 hrs.

' and 1800-2100 hrs. Reduced gut fullness was observed at late evening

(2300 hrs.) and eatly morning (0400 hrs), which were .periods of ‘heavy
N p ¥ v :

feeding for-demersal nearshore. juvenile U. tenuls (Fig. 28). Heaviest

feeding therefore awitches from primarily crepuscular for 'pelagic

Despite an active inshore migration of - Jjuvenile Urophycis tenuis

during the spring and summer (Mistck 1969), large pelagic U. tenuls are

B :
found many miles offshore (Table 13, this study; Musick 1969, Markle et

al. 1982). Musick (1969) reports taking 5 specimens of U, . tenuis

(5872 mm) during the summer on Georges Bank and specimens'up.to 71 mm
in leagth' in surface mnets from the Gulf of Jote, MMence Gabtng
September. Pelagic U tenuls migrate to the botfom B et Rl
in shallow harbouts nn;‘l.al‘tuarte‘l (Musick 1974).. Whether or. not these
offshore U. tenuis migrate inshofé to utilize the nearshore shallows
during fall is unkaown, but this 5 unlikely. Year repp—. seining
at Bellevue, %fld., collected U, tenuis only between July and October.

tenuis. Pelagic U. tenuis collected from
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" Atlantic coaa\:,jh\v.enlla Urophycis tenuis arrive nearshore during
spring-summer.’ T;shle 15 indicates nearshore arrival 1is delayed at
northerly latitudes

If egg development and growth of larvae and juveniles of pelaglg
Urophycis temuls is similar from*New England to Newfoundland, then a

winter-spring spawning period would be predicated for U.  tenuis.

B

Beaides Bellevue, NE1d., the only report of smsll Urophycis &

setned in Newfoundland waters are young (0+) U, tenuis seined at Five

sites from Cape Rich to Flower Cove, ld]lcem the Strait of Belle
Iele in northeast newio{mdlund ‘(Munteman 1950, A Jome cusvay e
,mearshore Newfoundland marine fishes myl;d no U. tenuis at collection
_ sites around the island (Van Viiet °1970). " Collections were taken

approximstely 1 month before U. un\us were seined in Bellevuz (late

July), suggesting U. tenuis had not arrived nearshore at the tine of
]

sampling.




s C GENERAL DISCUSSION and SUMMARY

\
Before discussing growth and ecology of O+ Urophycis chuss and U.

oA tenuls it was necessary @o identify the. larvae using meristic,
* morphometric and pigment characters. These characters enabled

separation of U. chuss .and U, tenuis'larvae as small as 5-7 mm SL.
‘Pelagic U. temuis are deeper bodied, have a higher caudal finray count -

and one‘ less epibranchial gill raker than U. chuss. The adult

conplesent of epibranchial gill rakers develops at ca. Ll om s
‘ Differences in caudal finray counts and pigment characters. dwelop at a
smaller size sud separate larvae less than l1i-14 mw SL. The adult
2 GORTIONEY LT dieTeel eaRievE developed by 15.6 mm - “h
SL.
For specimens ca. > 14 mm SL differences in epibranchial gill
_.raker counts and body depth are the quickest and easiest characfers to

use, Below 14 mm and down to ca. 7-8 mm SL careful counts of stained

caudal  finrays separate larvae.. DI in pigment d

. ( v(\e:p/e:{:ill"y audal peduncle pigment) and body depth (to ca. 10.mm SL) et
also separate larvae below 14 mm SL. C o -

Urophyeis chuss and Ul o tenuis larvae may most likely be confused

with other hake-like larvae inéluding .ph yeis cnmeu,-‘ggmzngug v g

cimbrius and’ Gaidropsarus ensis, Urophycis ohuss and U.: tenuis larvae

» ' - " may be separated from these larvae by the presence or absence of

pterotic spines, initial number of pelvic finrays and® differences in

pigmentation, The ulder should refer to Markle (1982) for' elaboration




of these differences.’ Confusing U. chuss and

tenuis with other
Urophycis 1s unlikely \as these are the most northerly occurring

Urophycis species. Other  Urophycis rarely, if ever, occur on the

Scotian Shelf (Urophyels cirrata, U.. earlli, U. floridana and U.

Iegia). - ; )
.Once larvae were identified I was able fo deternine a growth rate

_of ca. 28 mm per month. for pelagic U.' chuss based upon examination of
daily increments in otoliths.’ As the sajortty ‘of pelagic Urophycis

mueued%gn the Scotian Shelf (in September) were U. chuss I was mot

“able to dete e a growth rate, for pe).gic U. tenmuis. TPelagic écmm.

Shelf U. . chusg become. demersal during early fall when 27-39 mm §
, b 8 y

1-2 months old., A8’ U. chuss spawn.con the Scotian Shelf

* July-August (Markle et' al. 1982) larvae that become demersal during .

£all are fmn this recent |pavn§2ﬁ\ ) . &

» Onca demersal, young Dlughznlu chnu inhabit the mantld cavity nf

scallops; Blscopecten mgellnnlc\m‘ U, chuss lose. theif suvery
pelagic cammon becoming white on the bottom with -dark, doreal ‘and
lateral surfaces. During September two size class¥ (37-39 nnﬂ > 96 m
SL) 1I1hahit Scnt{nn SI\elf lcullopw. . / "

x

‘Altliough some’ large pelug;c Urophyeis tenuis (50-70 @m "5L) were
gfc Dropyels te :

t;nllected durt) e __Septober Scotian’ Shelf cruise most had migrage

inshore whA!e r.hey vere ‘sbundant during summer. New nearshore arriva

:enul- were collected at nighr_ in shallow vater (1.5 meters), It

appears & teiliis remain nearshore reaching cs. 150 ma before movisg

offshore.
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. |
Nearshore arrival of pelagic juvenile Urophyeid tenuis is delayed
’ N -
with increasing latitude. Juveniles arrive during May in New England,
June in the Bay of Fundy and ‘Atlantic coast of Nova Scotia, aad July in
the Gulf of St. lawrence and eastern Newfoundland.
y .
There wab complete habitat _separation between yoing demersal
e
Urophycis chuss and U. ten\lis. Fo U chuss vere catght in nearshore
. beach seine collections and no ‘. tenyls were takea from 1ns\fu the

mantlE cavity of Placopecten msellnnic\l Both lpeclel are in habitats |

whére puduton 1s presunably reduced and where srovth appears yto  be
x'.ﬂ)ld (Able and Musick 1976. Markle ec al. 1982, Garman 1983).
Urophycis. tenuis apmmd 1n lnte ws.ntet and uprug are zso—zso mm

by ' December, - (i.e. in uvproxlm.utely 8-10 months) whereas chns!

sppvmed during mid-late’ sumer average ca. 200 mm ‘after 12 montha

growth, ' - ) o W .

These, data support life history strategies proposgd by Markle - et

al. . (1982). oghzcu ténuis gto\u fnt relagive to U. chugl. Anmul

grovth during the fxu: year is ca. zso—zao mn Hheteu 1. chuss grows

tenuts delayé’ maturatijn watil, the ‘fourth year ogee .

200 mm.

reaching ca. 500 m.  Slover growing U. chuss mature during the*second

year .when sppl’oxinlely 300 am (Beacham und Nep!;y 1980, Hﬂrkle et al.,

. stié This "get big ' quick" strnlegy exhihltwd\by D..  tenuls is
v

aéhieved, 1n part, by delayedPnaturation felative to.U. chu

¥
{

]
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adult complement of meristic characters. Adult
range (in parenthesés) compiled from this study,
Svetovidov 1948, Musick (1973) and Markle (1982).

; 'T/mm +. Approximate size (mm SL) at which larvae develop |

\ , !
Character & U. ghuss . . U. tenuis .
. Dy Finrays . ( 12 (9-11) 14 (10) -
D% Finray - (53-64) 11 (50-58)
P . a° Finraydd, 7 (45-57) " 8 (41-52) .
L . C Finrays © 8 (29-3¢) 7-433-39) — —
S R P] Finrays .15 (16) 14 (1?) ;
; P, Finrays\ <5 x5 (3)* |
. Epibranch: : 2 . !
It gillrakefs 12-14 (3) £ e ey
.- Total vertébrae: & 5 (45-50)- f-2 5 (47-50).
= ' % 5 S otie o\ :
i . * baséd upon 2 fish' (335 and 340 mm SI) * & ~ :
: - - Refer to Table 2 for abbreviations. . i |
! = Tt e : ]
' 2 H
(R X 1
L ' L i 4
~ A |
; & : . |
% L2 ks
~ : i W < . g
~ & " - F
i [ w !
[ o b \J . .
| . -
ix 3 ’
" P %, —_

L ]
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5 - “ |
3 Table 5. Passamaquoddy Bay inguiline U. chuss - scallop data. | "-" indicates data not
- ° collected. Occupancy rate = 100 x no. of scallops occupied by U. chuss/no.
of scallops. SRS B % ) | . )

b e d i s i1
3 Date Number of Number of  Occupancy Bottom Depth Local
= g U. chuss ° scallops. — rate Vemp, - (0c) (meters) Substrate ' time
May B 9 . 150 . 6.0% R ) 20
17 June 0" - - - 15
20 June 2 - - 8.5 -
21 June 0- - - - 20
04, July L s 2.9 10.0 21
12-July 1 203 £ 0.5 9.7 23
15: July 0. - - - 9 :
18 July *. 3 121 2.5 ¢ 9,4 21 + sand . 1915
=19 July 0 I = % 20 sand-silt 0930
25 July 1 . 66 1.5 - 15 mud 1315
26. July- 4 B 163 n 2.5 11.1 18 mud 1400
08 August 1 52 1.9 - 17 mud 1315
09 August Sl 22 4.5 . - 21, mud 1936
13 August - 266 L4 9 § 1.1 21 mud - 1715
19 August 0 N - - - 21 gravel, 1100
« 23 August - 0 S T = e - 27 gravel 1245
25 August 0 - - . - ol gravel 1545
13 September [ - - \ = 24 gravel 1805
—~ .
1 7 , 4
= W —
. .
o .
. - .
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P
) . Y
v ’ i
Table -.s,' Experimental conditions for laboratory reared u. tenuls (July - September 1981).
. Underlining indicates changes made to’ exgerimentd conditions between 18-26 August.
o2 B U Temperature i salinity Photoperiod Food
Date - ank (oc) © ot Appt) . ° (light:dark) (g/day)
v TR ¢ % ~
‘) 21 duly - 3, 131 - 15.0 30,7 ca. 1
17 August 4 13.1 - 15.0 30.7° ca. 1
" ) s 13.8 -°15.0 30.7 ca. 1
18-26 August L 18.8 - 20.6 29.6 " '
4 9 - 16.5'- 29.6
- 5 15.1, - 16.5 2906
— - -
3 13.2 - 16.9 N 121 : 120 ca. 2
4 13.2 - 16.9 12t : 120 ca. 2
S 5 13.}9 = 16:9 12L : 12D ca. 2
. A
/
. * : * . d
e e i :
<5 |
’) . ! a o
g -~
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" mable’s.
R o =

Mean dany 1ength and (weight) ‘gain
b

U..ténuis, same spec:

imens as Table 7:

ndivid ‘aboratory réared juvenile
\s::qndatd length in millimets

ex; weight

/
i

% i b b i
te o . mamk ami glgec:l.meﬁ numhgr) : =
& (1981). . 3 3(3) ~3(3) ALy 2(3) 5D @
Soaaay sl P N E ;
17 Aul;ut; _D_.fi(o-l) 0.6(0. '1) 0‘5(0 1) kQ(O 2) - -1.0(0.2) 1.6(0.6) D 9(0 2)
5 18 Augus€ - 5 | ’
o' ‘26 Au@‘st HO.Z) o La3(0.3) l 3(0 5) b 0.9(0‘1) 0. 8(0 ) - 1.8(L.3)f 1. 6(0 4) \
. 27 ‘Augusy ~ L w Lw
8 Eeptembex' 1.8'(0.4) 2.3(2.8) 2.1(1.0)0

z.‘?ﬁ.s) A 0) ‘i stoj)i “1.200.5)
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Tahle \11. Mean moathly nearshore surface salim.t:.es at
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Tablé 12. Lengt:hs of U. tenuis newly zecrulted to the bottom |
© St. Andrews, N.5. and Bellevue, NfId.
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\ Table 14. Beach seine. collections of U. tenm.a at low tl.da,
@ day and night, at St. Andrews and Bellevue. B

\ :
O = " K - LOCAL . Number of
_jr.o‘cation Date i time - U. tenuis™
SE. Andrews Vo July 1981 . 1638 0
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FIGURE 3. Caudal osteology-of U.
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FIGURE7. Body depth at vent and as percent of standard length for U.'

chuss and U. tenuis.
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FIGURE 8. -Body depth at origﬂ-l of first dorsal fin and as. p-r:m of -

‘standard 1eng;n for U.

chuss lll‘ 0.
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FIGURE 0.

Developent of pigment for U. chuss and U. tenuls larvae.: .

Dotted, lines’ indicate. some  specimeis have: pigment, solid
11nes indicate all specimens have pigment. The upper line
for’ each pigment character . refers to U

1 line refers to U. tenuis (GuIF oF St. lawrencg) .

chuss (Scotian. -
-Shelf); middle line refers to U. tenuis (Scotian . Shelf);
ove
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FIGURE 12.

" larval Urophycis tenuts. . Standard®
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FIGURE 16~ An anterior-posterior ground 1.1 mm ssgitta, removed from &
40-day-old U. chuss. Bars indicate daily increments.
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" FIGURE 18. ‘Mesn number of total otolith increments related to  standard
lehgth _for Scotima Shelf ' pelagic U. chuss. TI = total
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L2 FIGURE 19. Lengths of Passamaquoddy Bay, NB. U. chuss collected May A
N N <" ‘to September, 1981. DOC = jul: te of capture. - i
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FIGURE 20.

" tenuis < 250

Lengths of Passamaquoddy Bay, up. u.
&

tenuis collected June
o November, 1981.. The regr

n Tine is calculated for.U.
SL. Diagonal An&. on the X axis represeat
Gatimated spawning time with 95% confidence limit:
the regression. DOC = jullan date of capture.
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FIGURE 21.

Lengths of Bellevue, Trinity Bay,
f:on'c;ed July - October, 1982.
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FIGURE 2.

* \

Lengths of laboratoty resred U. ‘tenuis July 'to September,
1981. —BOC = julian date’of capture.
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FIGURE 23.

.

lgnglh frequency of -c-nop. collectéd from Passamaquoddy
Bay and vicinity (A) and length frequency of scallops

harboring U. chuss (B).
<
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“FIGURE 24,

N,
Length frequency of scallops ¢
Sh

collected from the ~ Scotian"
elf (A) by R/V LADY. HAMMOND cruises 40 and 64 and Yesgrh .

frequency of scallops harboring U. chuss (B).
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. FIGURE 26,

Mean monthly nearshore surface water temperatures at
Bellevue, . Nfld. &nd St. Andrews, NB., Dashed lines
represent data from this study. soll.!! lines represent - dafa
from Ledrew (1972) for Bellevue and Lauzier and Eull (1969)
for St. Andrews. Shaiing represents months when U. temuis

were seined st each site. .
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FIGURE 27, nlel differences in 24 hour beach seine cotlections of T
enuls collected at' Bellevue, Trinity Bay (TB),and St.
Tews, Passamaquoddy Bay (PB). Stippled area represents

hours of darkness. "H" and "L" are high and low tides.
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FIGURE 28, Index o.stomach\(ullness (+ 1 sd.) for

7 .
eined ' and trawled
U. tenuis from Passamaquoddy. Bly. Numbers indicate sample
‘lze at each time interval. - F
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