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e ABSTRACT .

il ) - _-_/’\' ¢ ) ‘.'.

| o " k

v ‘ . Larval redfish. Sebastes sp., were collected fOﬁ

\, o o growth analysis and morphological studies on Flemish Cap, an
S >

¢ e offshore bank approximately 400-500 kilometers eapt of the

4; o ~M_" Island of- Newfoundland. Canada, using. paired Bongo netsm
o 'Several cruises were completed daring 1980 and 1981. L

Increments, Which are. believed to form daily from date of .~
by .

e extrusionf were counted from sagittae and measurements of -

. sagittal radii were‘taken:for.back-calculation of individual
growth histories. ' : .
Mean daily growth rates and'hack—calculated'growth
\ .

.histories of over 1200 redfish larvae were determined. Mean
'daily growth was 0 160 mmn per day and 0. 109 m per day in

. 1980 and 1981 respectively. Total larval length was a linear

-
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'function of-age.‘.A significant non—linear relationship
.. between total length and sagittal, radius,;and-measurenents
poo . ‘of sagittal. radil at interYals of 5 increments were used to
k- bach~calculate the length at extrusion and growth history of
each larva; ‘
~  Garowth rates Qeriediconsiderably over'the first llp.
‘days of life. Larvae typically~experienced an initialiperiod

!

of reduced growth for 10-15 days following extrusion

followed by a sharp. increaee and a period of relatively

i Lo g



S fast growth tot 60-70 .days befetTe declining as larvae
f o > e !

,entered the pelagic juvenile stage. Larvae extruded late in

T Y N

.o - the season in 1980 tended to- grow faster at all ages than ' :.\ : 4

- o . )

larvae estruded-early in the sea@on.
.« ~ ' Because of continuing controversies regarding gg ) -
identf?ication of possibly three species of redfish. s. - _.~
marinus, §.‘mente11a, sndqg. fasciatus,,a v?rlety ofv "'. ! _ ‘.e
) | .morphometrié,‘meristicp-enu'piémentation variaﬁles were' .

measured and their utility as 1dent1fication criteria

P

: ' [
e evaluated. Principal Component Analysis could‘not identify e
Y - N : P’ . .

morphomptrically distinct groups,which m}ght be used toa . -

L ' ‘viséstablish species identification c;ite}ia..Diffetences in
“‘\;\u" :. ,‘morphometry, meristics, and pigmentation patterns were

T olosely associated with time of extrusion. Larvae extruded
_; r i“late in the season tended to be more robust and thicker-

o

f' bodied*and developed ossified skeletal elements at

Rl it L

relatively~5ﬁaller‘sizes compared to earlisr-extruded

4

N larvae. ‘ ]
. | /o The observed morphological differencea might be - oo
-/ o attributahle to environmental influences rather than to the

presence of larvae ofmor; than one redfish species. The . . - ¢
morphological and growth:-rate differences between larvae ‘
extruded at different times have important ecological' |

o ' . implioatipns. Due to their relatively earlier ossification

Y Sk of fin rays and pupports, coupled with larger head size,

j
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T broner gape, and 1arger gut' areas, the later extruded
‘.~/‘
larVae are probably more active predatora, capable of
capture and 1ngest10n of larger prey which are,'
&
L

energetically, more advantaébous Ior lprval growth and

)

survival. \ ~\ . L ' L
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INTRODUCT ION m

- GR ANALYSIS ° , : S

N The age and' 'growth"rate of fish are commonly

L

determined by one oi?“t‘hree ways : observation of progression

! of modes in length(f"

14

uency ‘nlstograms, tag-recapture~

.

T 'studies, or examination of events recorded‘ c%n bony o
“structures ( Irn.e 1955, Bagenal 1974 ). Use of length m
frequency modes, the sir‘ﬁplest of which is the Petersen
.Method ( Tesch 1968 ), requires a unimodai size distribution -
-of all flsh of the same age and is gasy to apply if there
are mno large overlaps in the size of individuals of adjacent.
. " age groups. 'In pract:.ce, use of this method requires large ‘
sa.mple sizes at frequent sampling intervals when applled to
© larval fish. Th:.s leads to enormous expense becausﬁ t e .. .

spawning grounda ofzmost commercially J.mportant marine flsh -

s.ec/:les in the Nort}: est Atlantic are offshore,

s:.tating the use of large, costly research vessels for
larval. surveys. ; Such methods provide° only average estimates
'of growth rates over large ‘areas . and cannot provide any 7
'informatl.on about variaf.ion between ind:.v,idu_als or growth‘
‘histories, thus elimihat;irié the possib.l.e us._agie of this,
method ih studies of the ‘causa?L xseohanisms of jgrowt‘hl .

[

variations. | _ o - B

: . \‘.‘\

:
-

T rme gt et e

R D



§ S " Most. tagging methods are not applica.hle to small fis‘n R

" or, if they are, may cause great mortality so that
recaptures are few and the appare 4at'io of'marked.to ,

‘

unmarked individuals 'is -altered ( ‘l‘eﬂch 1968 ), although

recent chemical tagging methods { Campana and Neil,aon 1982 ,)

IA

may brove appllcable to mark-recapture\studiee at sea.

& Tagging etudies generally prove problemat:l.c when appl:.ed

:‘.. 1arval fish in that they requxre. - 11ke length frequency j- \

S, methods, expensive multi-cru;i’.se surveys and, unlesa t‘h'

- can be indivfdual:.zed, provide only‘ large—scale grow h

&
L

averﬁfges. .Somejark-recapture me_ ode aleo suffer fro t

IR _-'u'handicap'that d fish'm

1

> - \ o ones and, in the absence of a test of th:.s point, growth

u

. f T
e ' ) rates determlned -in th.'LB way shou’ld be used with reserVe~' ;
he . T (Tesch 1968) S, '. e T ‘

Q R VAR . 'Hard bbny structurea such as scales, ' vertebral centra,
5 P . B - o

AL - . o

L
age determinhtione of adult flsh but otol:l.ths are used moet

‘ .o frequently, especially in marine, temperate spec:.ee i 4 :
- - ;:-; (G/Bage{lal 1??4 \) | Although annual marka' on o;ollthe of '%dnlt ‘ "'I?.
<,i'< 3" - and Juvenile fishes have been used for many years in age -
. ‘ ) \ determinations. their usage' is not without probLems. One -~

V] o o potential problem in the usage of -otoliths and, indeed, any.
‘ ‘ 'calcified '?tnuctures ie t‘he possibility they ca.n stop
, I groming/( Lxew 1974 ) or even .be. resorbed ( Pannella and

A%

Ll H -

[

l\grow more elowly than qnmarked«v

£in’ rays, 0perculae, and cleithrae have all been used in R
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/Weif.er 1980. ) &ring periods of stress or ' starvation.

- Fish otoliths con.pist of an inorganic materia]., .
: uaually calcium carbonate t‘he form of aragonite} _

- v

|
‘crystals,and an organic matrix ( Degens et al. 1969 ). Three Sy
N . ) . » 3 . 4 3
] . . .
oto&iths, the eagitta, lapillus, .'ihd'_a'steriacus. ate found '

‘on ea.ch@m.de of 'the brain in the ‘sacculus, lagena, and -
' Q ' - ‘. . - o . N v
utriculus of the J.nne’r ear (- Lowens)tein 1971 ) and the - =~ 3
q- o7
morphology of the calcified structures is usually species-

"specific (- Morrow 1979 ). Of the three otolithe, the sagitta o ’: e
is usuatil_y the largeet ( Bagenal 1974 “)‘ o ' ) "- ‘ :‘- g
" Otollthe grow by the additiou of l,ayers of material | . f’

_differing in the relative ‘amounta of oto;.in and calcéium ‘ l,r‘

...carbonate, resulting in the formation of incrementa]-. o B ‘

" e [

. patterns. An. in¢rement represents a cycle "of depoa:.tion that
'starts on an o:;@.,c surface‘“““;'l‘his id followed by a o Y

- relatively rayid depos:l.tion o:E calc:.um carbonate and Organic . PR -

‘matrix.. An increment in completed when calcific/ ion elows '

b /
or céasee and organic material concentrates in a -thJ.n layer -

~ . NI ]

("Pannella 1980 ). Under transmitted light;, the increments‘ Jj

composed of an :I.nner Light zone, representing

)high calcium carbonate to otolin ra.tio, a.nd at ot

the 'airea

dark outer zone, repr’esenting tha area ‘where calcification

" has slowed and the ’ratio of calcium car&:nate to otolin is s .‘ ’ _‘- e
lower. Once the periodicity of thia cycle of formation 'tmdb © s'

) its starting. time have been established for a species,

'\.. . ; : . . - -

> *Iq,- - A [



otolith'groeth 1ncrements-can be Lsed to estimate a fish's
age and past growth history.-fl.' o .
Daily'grogth incremenesjhavefheen'knonn'infplants'and
ianimals for several decades ( Neville 1967 °), but only
recently'haﬁe they. beeﬁ“demonstrated in‘fishgotoiiths;
. :( Pannella 1971, 1974 ). Daiiy'periodicity of increment
.'-formation has been demonstrated by one or more of severalv

v

o ways: by numher of increments within an annqlus ( Pannella

L
3

1971, 1974 ) by laboratory rearlng for a knOWn period of

ftime ( Struhs ker and- Uchiyama 1976, Barkman 1978,“Victor RN

A 1982 Campana and Neilson 1982 ) by efsﬁination of otolithé
\ ]

.fﬂ(;gn reared fish of known .agé - ( Brothers et ala 1976, Taube t

and COble 1977 Tanaka et al.»1981 Miller and Stor

- Radtke and Dean 1982, Marshiil and Parker 1982, Victor aga

h

" Brothers. 1982 ), and by agreement with other data knoLn from

,field studies ( Townsend af sShaw 1982, Laroche et'al
-1982) .The most important application of larval ageing = -

; through otblith analysis is the accurate determination of

‘/individual growth rates-and growth histories.pfﬁlarvae in'

‘ the sea. This method can also be used to document the timing
"and duration of _spawning events (tTownsend and Graham

,1981 )y and changes in life history stages ( Victor ‘1982,

o .
" H ¢ P ’
- : .

This technique “has . been appliad to relatively few

",Rosenbefg 1982 )

R
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‘species to date in detaiied analysis of ind1v1dual growth

' y
histories ( Laroche’ et al. 1982 ),'and muoh remains to be---

learned about how | grbwth may change during development and .

under varying env1ronmental conditions. Because of the; '

' potentia%ly large amount of detailed information to be

”gained concerning 1arva1 fish growth and dynamics from,
‘otolith growth analysis: mqre reqearch in th;s area is
/ﬁvaeable. This will also have the effect of‘greatly ""3
k‘In easing the scope and usefulness of larval fish surveyb.

suitable for larval redfiph and to use . it in a detailed !

g DL

‘nt B
.

examinatiOn of differences in growth during the larval

perioden 1980 and 1981. Variation during ontogenx of larvae

-'extruded duriﬂg different times in the extrusion season w111

also be examined. N T B AL S
- ) . L : s |, L . . . NER '

. . “ PN o : : - .o ' i . '

i " -.'- “.....H ) “‘._.- . '.-, .

» ’ A
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The redfishea ( Eamily Scorpaenidae ), otherw1se known

at

appearance ( Bigelow and Sdhroeder 1953 ) but are clo-ely

o related to the sculpins ( Family Cottidae ) and sea robinsl-

(. Family Triglidae ) by having bony outgrowtha of the

suborbital’and preopercular bones stretching atross their

[P T,

cheeks, giving the head an overall bony appearanqe.'

. i ) N R
-~ g ) . . i

One aim of this qtudy is to deVelqp an ageing procedure. t L

' Ias the oceaf/perches,,are perch-like or bass-like in general;.‘

-
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Furthermore, the,tob'of the head is marked ‘by bony ridges .
C L . :
- that often terminate in spines. ‘The anterior'rays of the

. ' ~ dorsal,'anal, and pélﬁic‘fins are modified as sharp'spines”

o | <t
. . The Scorpaenidae is primarily a Pacific family, in

- terms of diversity, with~over 100 epecxes in the,eastern

o : Pacific alone ( Moser ‘et al. 1977 ), but reaches 'its a
] . ) ) . ‘l . of - '
AT R greatest commercial importance in the Atlantic Ocean. The
' : e ' .
e : *family hae eight genera, with seven of these occurring in’

t v
i

B . o "the Atlantic Ocean but only two, Sebastes and Helicolenus' ‘ -"

occur ‘in northern latitudes. Only one species of

: Helicolenus, dactylopterue Delaroche 1809 has ‘been
v q’ : - ! ‘o -4

P ///”_‘“rgportéd from the north Atlantic. It ranges from the coasts
¥ ' ."f . + . ‘
i ' of Nbrway eouth ‘to the Meditteranean dn the Eastenn

' Atlantic, and from George s Bank to the coaets of South

: America in ﬁhe west. There are no records of its occurrence

+ . . .
: ]

. "_ in the Newfoundland area. and it is most abundant off eastern

. R 'South America £rom! the Caribbean to Brazil.
- .‘A.A \‘5'-2. The genus Sebaetee ie mudh more’ northern in \its -

N

distribution, extending frOm ehelf break areas of £ the New

3. S : England states north into the thrador Sea, through the hid—

e v

." * ' . ; ot
i e " ‘), Atlantic dff Greenland and Iceland into ﬁhe Irminger Sea,

‘and frém northern Norway %outh to the coaste of Portugal and

i t h

Ai" : -Li : SPain in the eaétern gtlantic. Diecussicn of the

LN i " s
i" . \\-’ L controversies over the taxohomy of the Sebaetee genus in the
e Rorth Atlantic will form part of this _paper.
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North Atlantic was oommonly considered to consist of

Prior to the late 1940's, the genus Sebastes in the

a

single species, Sebastes marinus .( Bigelow and Schroeder

1953 }, although three species had peen described
3 . -
taxonomically by 1856. These were S. marinus L. 1758

viviparous Kroyer 1845, and S. faeciatua Storer 1856

‘ general concensus on existence of a single valid species was

. S.

« The

’

’ : probably due to the restricted areal coverage of commercial

i
fisheries. Prior to - the Second World War, large redf

fiaheries were only proaecuted in relatively.shallow
around the coasts ‘of Norway and Iceland, ‘and were

practically non-exiatent in North American waters.

ish-

waterq;

After-the war, the European fishery expanded into deep

water"areae,'particularly between Scotland and Iceland,'and

the North American fishery in the New England states
/' increased considerably. Taning ( 1949 ) was apparent
first to assign the names S. marinus to the larger,

.Europeaniredfish, S. viviparous to the inshore, shal

,Engiagd. In 1951, Travin sub-divided S. marinus into
‘ b ” 2. 2L AUS

M [

a . . -

. ‘( Travin 1951 ).

generally accepted but its,diatribution is confined

European aide of the North Atlantic from the coasts

ly the
9ffshore

low—

. " waterx redfish and §. fagciatus to redfish caught off ‘New

two

. speciea,~h redefined-E. marinus and a new §uhmentella

Tne specific status of S. viviparous quickl9°became

to the

of

wha
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European side of the North Atlantic from the coast_e of.
Norway and Iceland, through the British Isles an'd into the
North Sea. However, Andriyashev ( 1954 ), Kotthaus { 1961 ),.
Leim and Scott ( 1966 ) and Barqukov and Zakharov ( 1972 )
all failed to find morphologlcal differences sufficient to
warrant the su'o—dgl.vi.eion of S. marinus and Barsu};ov and '
Zakharov (- 1972 ) were unable to Find a single featurelwhich
would differentiate S. fasc1atus from either s. marinus or
S. mentella without' often cons:.derble overlap. o

Wh.en field work for the otolith-based growth enalyse; 3
presented in this paper began in the Spring of 1980 the '
v‘ger}erally accepted view among fishery managers, but disputed
by’ some taxon\%nists, was that the genus Sebastes in thei
Northwest Atlantlc consisted of a single valid species, S. N
.marz.nus, with recognition of the cons:.derable geographic and

depth_varlation in mo‘rphology sufficient to_ assign the sub-

specific names S. marinus marinus and S. marinus mentella.

/_ Since then, new work has been published contending that

three valid species, S. marinus, S. -mentella, and S.
fasciatus, should be recogniéed based on differences irl the. A
morphology of the gas bladder mscles and t‘heir passage |
between the ventral ribs ( -Litvinenko 1980, Ni 1 ¢:1:3 and b,
Power and Ni 1982 ). 'Payne and Ni ( 1982 ) differentiated
the three putative speciea of Sebastes by biochemical '
criteria but’ McGlaoel et al. 1983 ) concluded s.  fasciatus
s electrophoretically distinct from 2. ma.rinus and S.

"\

\
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mentella and individuals of the latter two lspecies cannot be

i

differentiated from each other. |

| - ,
'Ni ( 1981b ) also noted differences in “numbers.of anal
. | <. .
fin rays, gill rakers, vertebrae, and dorsal fin rays,
S | .
. [}
fusion of the occipital-nuchal ri@ge,

he angle of the third

posterior predpercular spine, andfﬁhe‘r lationship of the

. - . M “ .
_F,hiﬁ/;f the pectoral fin to ‘the anus were all useful, to

,varying degrees, in differentiation of S. mentella from S.

fasciatus. All three of these putative species do occur on

Flemleh Cap ( Barsukov . and Zakharov 1972 ), but S. marinus

i .is believed to be in low abundance. “The main populatlon
consists of the sharp—beaked redfishes, S. fasciatus and S.

. mentella, with S. mentella being the dqmlnant.species

( Templeman 1976 ).

Thls recent rekindling of the controversy over

redfish 1dent;ficatlon_in the North Atlantic has arisen from-

. ; ¢ . v
studies 'on adults. However, since the l940'sr‘bonsiderable

effort has beeﬁ directed towards larval identification,

espec1ally in European waters. Much. of this work'has stemmed

'

from Taning {( 1949 ) who claimed that larvae of the large

" European redfish (.§..mar1nus ) could beidifferentlated from

larvae of the small,  inshore.redfish ( 8. viviparous ) by

the occurience of cdudal'pigment spots in the latter which

- were abseﬁt-in the former.

Although Taning died'in:1958.,his.drawihgs and a
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"discussion Qre published by Bertelsen at thé International °

Redfiﬁh Symposium at Copenhagen in 1959 ( Taning 1961 ). His
drawings showed two kipdg of lgr;ae, Ehe fifst with one or
tyo melanophoreshlocatéd in the¢sub—caudal reéion of the
developing hypural elements, and the second completely
ldcking in quﬁ-q&udal melanophores. Distributionally, fhe
larvae wftﬁ_sdb:caddal’ﬁelanophofés were found ihahore
around the Fae‘:oe.s and‘.Icelan_d Awhil'e‘those without sub-
::audal \me‘i'an-opﬁd;es .'\'ver"e.mainly found in ‘offsl‘lore areas.
;chéréinq;y,'hé asﬁumed the la:gée with the caudal spots
"were S. viviga;ous and tl;o'gse without the spots; were S. |
mar#an. Taning aléo noted that larvae of the BOjcal;ed "
Améric'an_ form ".,' 'lat;e; believed to be 5. fnentel]_.a, also had
éub-cauaéi Méianoéhores. Several studies quickly followed
which used thg sub-caudal ﬁelanophore crit?rion in analfses

of distribution ( Corlett'196la and b, Henderson 196la and

b ) and time of extrusion ( Eindrrqéh 1960 ). ‘

. | Templeman and Sandeman .( 1959 ), in a sttid¥ of pre-

g \extrusion red_fish larvae .in North Mefic?sn watera,.‘f'ou‘.:‘nd.
97.7% of " rqentella-t;lrpé "'llarvae and 23.9% of "'ma.rinﬁs—-
tfpe " iarvae had sub-caudal melanophores. ConLequently;
-Hahsen‘ and Anderson (.1961. ). in a study of latvgl" rédfish
with sub-caudal melanophores on'both s;deg'éf the Atlantic,

- k assigned them to S. marinus mentella or S. viviparous based

on their distribution.
—

‘s

»

<
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Doubts as to thé reliability of this identification
) |
scheme gquickly grew ( braham 1962 ) and several studies

reporting results ( Raitt 1964, Henderson 1964a and b )

confliéting with those Ef_TémﬁLeman and ‘Sandeman (

were published. Barsukoy and Zakharov ( 1972 ) suggegted

' Templeman and Sandeman {1959 .) had mis-identified s me of

i

the, mentella—type spec1mens and that they should rlgh fully
be 1dentif1ed as S. fasc1atus. Templeman ( 1980 )] -

aubsequently reclassifled many of these mentella spec'mena
“d
as S. fasciatus indlcating that 21% of larvae from mentella

parents and 87% of lagvae from fasciatus parents had sub— '

caudal melanophores. Addltionally, of those with sub-caudal

melanophores, larvae of S. marinus and s. mentella usually

i

had a slngle melanophore Mhile larvae of 8. fa501atus

.o

typlcally had. two melanophores.

Thus, to this date, no protocol exists by which P

A
redfish 1arvae.of these putative species may 'be dlffe;en—'” .

‘tiatéd.-Althoﬁghfthé taxonomy of the Sebastes genus in the

- . . . T .

Northwest Atlantic reméins-a'contentious issue, the
o P , . :

vexistenpe of two .or more ﬁéecies on Flémish égp has
imﬁofﬁﬁnt implicatibns for the'intérpretatién of the growth
analyses reported in this paper; - No detailed BtudY of larVal
‘ ‘redfish morphology existﬂnfor ‘the . Newfoundland area. The
;JL' secong ‘aim of this ‘study is, theg;EBre, to, detail the
| morphoiogy of Ehe xgaval rqﬁfis pulation on Flemish é;p

o

.« & i
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bl o
to determine the existence of morphologically distinct

groups which may indicate the presence of or correapond to

two or more of these putative species. Possible identifica-

tion criteria are_gvaiﬁigéd and the ecological implications

of variation in redfish morphology are examined.

4
-
- w
- ‘l
- \
- . ’ -
-.._ L -
. 'l!t y . §
113
- »
. { ‘\
v‘ ' 'h'
!E ol L
v
» ¢ .
LY !
'
e
.
) , ‘_ e
PR . : . . L ‘ N
L}
} .
| X L
‘. P
B .
.
v . /
N‘ ———

1
P

PR



13

METHODS

I1.A. DESCRIPTION OF STUDY AREA —

Flemish Cap is ausmail,.offshore fishing bank east of
the northern Grand Bank ( Fig. 1 ) from which it is
sepaiftedhby t@g}Flemish Pass, a channel over 1000 meters

deep;( running roughly north to south between the Flemish Cap

-~

and the adjacent Grand Bank. The bank is.é§sgntia11y a’
-submerged mountain with a hard, central granitic core which
is smooth and almost devoid of sediment surrounded by

younger_aedimentary bédé;that slope oﬁtwards { Loncarevic

. 9

and, Ruffman 1972 ).
The waters of the northwestern part of the Cap are
relatively cold and fresh, originatiﬁg from the offéhgre

branch of the Labrador Current. This current sweeps‘aidqg
\ .

the slope of the northern Grand Bank ‘and through Flemish

;Pass, often washin over considerable portions of the ‘
PO - ' ‘ '
gprthﬁestgfh slpp:f”:;:QEKCap. In the south and southeast,

the waters are considerably warmer, being influenced -by. the

géftheastwﬁrd—flowing'Gulf Stream Current. Over the:Cap

itself, the influences of these obposing'curreﬁta result in

the formation.of a clockwise gyre ( Kudlo and Burhakiﬂ

.

1972 ). T L S
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Figure 1.

- . -
”

Location of the study area, Flemish Cap,

;in relation to the"adjacent Grand Bank and
. the island portion of the vaince of

Newfoundland and Labrador.
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11.B. SI":ECI.MEN COLLECTION
Larval redfish specimens were collected on seven
cruises to Flemish Cap during the Spring and Summer of91980
and 1981. Actual cruise times are as follows: 6- 13 April’
“ 1980, 20-26 May 1980, 22-28 July 1980, 27 April-lQ May 198ir~
22-27 May 1981, 26 uune-v July 1981, 26 June- 5 July 1081,
r ) Lerval fishcsamples uere caught by ob ki ows‘of 6l
cm paired Bongq,nets to 200 meters or to w1thin 5 meters of
bottom, Whichever‘was the lesser depth. Nets used were of
0.333 mm meshﬂ except for the cruise 27 April—lq May 19§L o
iduriné Which some stutions yere'sEQPled‘using 0.505umm ueshﬁ
nets.” . 'i. : e - 7i" - .
. :During‘each*Cruise. a‘grid~suruey'pattern of 42.'3‘“.’,
- Sti}ions,ues‘saméieﬁ,:oftEn supélemented by additieﬁal f
Stetionsxwithin the grid‘ares. Stations from which lar@?l
; rédfish were 6bta hed'are indicated in Fiqures 2 and 3 for
1980 and. 1931 respectively.. ':.4;' o L

Wlth each plankton sample, ‘a CTD condudtiV1ty,fte

- erature, depth ) profile from surface to 500 meters deéth

of salinity, temperature, and density were suﬁ%equent,
‘t,
_calculated fffom the_data.

' .l . ‘ ,‘ . ‘ - ‘% - .‘\ ‘ ."
II.C. OTOLITH\:E;EARATION AND INCREMENT COUNTING f'-

A

d€£4 y . .;. ‘ . ’“: - N -- : . L
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\were captured during 1980.
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Specimens. for otolith analysis Qefé selected at random
and preserved in 100% anhydrous ethanol as quickly as
possible to minimizé‘postmortem shrinkage.‘Sample to preser-
vative ratios were always kept in excess of 1310 and after
1-3 weeks the preservative was drawn off and replaced to

. retain thé‘gzoliths in.optimnm condition'for increment
-counting. Pre-extrusion larvae, which had‘been stripped'from'
adult females caught by bot tom trawling, were similarly
preserved. ' o

" In the laboratory, larvae were: placed‘on glass slides,

”4. their total length measured to the nearest 0.1 mm with an

ocular micrometer mounted on a stereomicroscope, and their

etate of flexion recorded. The head was  removed and placed
in a drop of glycerin. Sagittae from both sides of the head
, ‘ were dissected out at 20—4ox maghification and allowed to
.‘ remain in glycerin for 1-2 days. 'I'he length ‘of time in
' glycerin was not found to affect the clarity of the otoliths

but dissection under glycerin greatly facilitated otolith

‘. f with 100% anhydrou' ethanol and the dry sagittae were
“=transferred with a diss:cting needle to;a'drop~of Epon .
: reein ( Taab Industries, Reading, England ) on a ¢clean, -
glass alide. The reein containing ‘the sagiktae was polym-

- aerized overnight by heating in a drying oven at 60 degrees

.

manipulation. The glycerin was removed by flooding the slide
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3 . w f'

Celsius. Coverslips were not used because they interfered
’ . . ’ : v 3

with the optical properties of tpe preparation.

) l

Otblith growth increment?/eonsisting of an inner light

/ . : .

‘;/,,// band and a narrower, adjacent{'dark band were counted using

" a Zeiss Model II comﬁound'microscope“at mignifications of

125-800X with bright-field illumination and the:condensor.

'1owered to increase contraet between‘iight~&nd dark bands.

¢

At first,‘counts were made on; both sagittae from each fish,

..No-difference between the t ° sagittae from the same fish
was found 80 most .lat\ ounts.were made on only one sagitta

-

per fish. All. counts were made at least three times .and the

e

‘ greatest of the three ,counts was taken‘as final, prov1ded

that the successive counts were within 58 of each other.
Otherwise, the otoliths were discarded. If the second

sagitte'gave the sameoresuit, the"spécimen wad removed from:

+

_further analysis. All counts and subséquent verification

" - ,
counts were made by the author to ensure. consistency in

v

counting procedures.
. Additionally, on sagittae from sea-caught larvae.
sagittal radius measurements were made from the center of

the focal area along thbgposterior radius of the sagitta.

L}

The posterior radius,ﬂhs found to be consistently the bee&d
for incremeént counting. Measurements taken on each sagitta

were: total radius ( the distance from the"center of the
|-

focal area to the edge of the aagittq ), focal tadius ( the

134 ‘e
]

[

—
—
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distance .from the center of the focal area to the start of
the first increment ), and successive measurements from the
center of .the focal area to the end of each fifth

increment. Table 1 summarizes data on the number of sagittae

from 'which counts were obtained and dpeir readibilit&.
‘ .

.
L4

II.D. SAMPLE PREPARATION FOR MORPHOLOGY. ! _ .

d

Larvae for morphological analysis were preserved,
" . 0 L

-along with the other plankton,'in 5% formalin bﬁffered with

sodium borate. Larvae in good condition were subsequently

.- : selected at random. to obtain a representative size . range of

1arvae from each trip. In the laboratory, a variety . of
morphometric variables were measured externally, using a.

stereomicroscope at 2ox magnification, and pigmentation

patterns were noted. Larvae were classified as pre-flexion,'~

n—flexion, or post-£flexion larvae based on the condition of
the notdchord as described by Hoser et al. (-1977 ). Larvae’
were then.cleared and stained for,meristics and obﬁ%rvation-
of head spination by the. methodology of Dingerkusiand'uhler

( 1977 ). All meristic membeha:were counted'and categorized

into numbers of elements .ossified ( staining with Alizarin

red ) or cartilaginous ( staining with Alcian blue )+ /;2//,

Terminology of head spinea follows Richardson and Larochg/'

{ 1979 ) and Phillips ( 1957 )¢ A composite drawing showing’
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Type of R AR S S L AR
.larvae ) . Trip o : Exam— Count—, Count— ‘Measur—" Measur-= -
' - ined ~ able: - . able able able

Pre-extrude  6-13 Apf;l 1980 74 74 100 - i -
¢ _. Sea-caught 6-1.E!j. p;pril_ 1980 - ' :1451 147 100 ‘ 147 " 100
- Sea-caught ~ - ‘20;25 Hay‘19§0' ‘ 462 . . 445 - 96:;' 443 - 95.9
Lab-reared 20-26 May 1980 ) 25'." 25 - .00 - =
Sea-caught '22—28 J§1§ 1980 . ‘210 .. ° 168 ' itaoho . 145 - eé.p

. Sea=-caught 27 Apr-10 May 1981 ‘23 . 22 ¢ 7 95.7 21 . '91.3

eig

-'Sea—caught . 22-27 May 1981 _ - 243 - 234  96.3 . 234 96.3

Sea-caQth 26- June-7 qu§'1981 163 . 161 ' 98.8 . 154 ' 94.5
Sea-caught 26 June-5 July 1981 118 C 16 U e.3 116 %.3.
Totals s o I ._}465 1389 _94.8 1260 . 86.0

uuuuu . [ e et s e s xs e —ee e e el e
N e B e Rt At 1t 4 O g s+ % b (a1t AAe Rl b ke ) ot < o 2



" body cav&ty were collected by bottom trawl to provide'pre—

22

the position’'and terminology of head spines is shown in

*

Figure 4. All head sp:;%i;:g}e recorded as present or absent
and, if present, ‘as. o sified or cartilaginous. Terminology

used for fin rays and.spines is similar to Moser et al.
( 1977 ). For a complete listimg of morphometric, meristic,

and pigmentation variables measured, see Appendix A.

II.E. LARVAL REARING . .

~N

<

lSBl. ripe, ‘adult female redfish With hatched larvae in the

extrusion .larvae: for use in rearing studies to determine the

~time of first increment formation and the periodicity of

subsequent increment formatxon. well-developed larvae 'were
extruded by hand into 25 -liter, plastic containers w1th
seawater ‘at the ambient sea surface temperature. These were

returned to the laboratory onshore a held ‘undér controlled

temperature regimes in'a recircul ing seawater -system. -
Newly-hatched Artemia nauplii arfd locaily daptured wild
plankton were.added to'theAcqpta ners to prpride a food
source. The larvae shrvived'for 12 days but eampling~oan.
alterﬁ:te days'revealed they-were neither.feeding nor

growing and were experiencing very high mortality. As it was

felt that conditions of active growth were_neceeeary for

. During the cruises 27 Aprll -10 h}ﬁﬁlgel and 22 27 Ma;\\\k

L

h

- ’ . . .
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correct determination of otolith increment pdtterns, the

experiment was discontinued.
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' o RESULTS
. [
III.A. GROWTH ANALYSIS - o *, - A '
III.A.1. Otolith increment description ° - | ‘
]
.\_:

K | ‘ ¢ \

Redfish sagittae, from newly extruded larvae, 3re

-the anterior edge becomes lncreaalngly elongated, "bo
Y\ . IR | -

A

surface becomes concave wh:.le the 1ateral surface .bect

conve} due to thickening in the focal area.
' 'l‘hree types of rlngs were observed 1n larv 1sh )

\sig_j;ttae ( see Figure 5 ) ( 1 ) sagittae of well-develo;aed-"

F

’

_pre-extruéion larvae with the yolk gac nearly resorbed
displayed a.pattern of 2-5 weak rings ( Mean = 31. 39, N =

N :
49 ). These “were. still visible in sagittae of moat plank on-_

g : -
¥ . :
IR O

~

caught larvae ( Range 2-6 Mean = 3 40, N = 49 ) but ten ed -

to become obscured in sagittae /l/arger than 0.15 mm in
radius. 'I‘yp:.cally, these ringa ( termed pre-extrusion

rings ")\qi;eq to completely encircle the sagittae'_and. 8

B

were not regarded as " true " increments and hence were ot

" included in ‘subse_‘quexft increment counts. These were the jonly’ .

, . P ) L . : . " ) ?
o N . - ‘._. . - .e . ~, - A
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Camera  lucida drawings of typical incrément
patterns on sagittae of larval redfish. ~.
( A ) pre-extrusion larva ( B ) post— . -
extrusion larva. F is the focal area, P is-
the pre—extrusion zone, E is the extrusion
or heavy increment, A is 'a zone' of ‘closely-
spaced increments typical o oung larvae, .
and B is-a zone of widely-spaced idncrements
.ftyplcal of older larvae. (Presented in medial,
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" 1' . * - . .
plankton—caught larvae, the zone of pre-extrusion rings was

- .o .
B ' JE
. .

followed by a heavy ring composed of a wide, translucent
.

bend followed by a prominent dark band. This ring or

A

" increment was a conépicuoue feature of nearly all sagittae

LA « - ‘ - -
from plenkton-caught laryae anﬂ was regarded ae the first

e ow

“ increment for age determination. (. 3 ) normal increments,

*

deposited in regular,-concentric faahibn immediately

o : ., :

g ' following the first heavy 1ncrement.
III.A.2. Periodicity verification -

. - - ! .. - ) ‘- : - . . .

el AP . .

. W Laboratory rearing ettempts to directly deternine the

. onset and periodic1ty of increment formation were unsuc—
Pl T L M
Lo _— ’ _ cessful. Sagitte!ﬁof laboratory—reared ‘larvae, which were

not feeding, only had the 2-5 weak, pre-extrus n rings even

up to day 12 post—extrueion. None developed fe heavy ring

“

or the regular increments deMonstrated by plankton-caught

-

lervee. ‘ S »

x\{ a ﬂlA 'j e Indirectly, a case can é%ﬁmnde sqpporting the idea
- '.that ‘onset of increment formation ( the first heavy ring )
‘commences at extrusion. It ‘is, know%,thet ;re—extrusiOn‘

P.» ; larvae never have the heavy increment whereas the increment

i gf . is preeent in yirtually all small, poat-extrusion larvgs.

» B €

E ~ rings observed in any pre-extrusion redfish larvae. { 2 ) in

e R $80 0n B T

[



4

1
\

-

» .
-Because most of a redfish larva's yolk is used up before i
extrusion, a newly extruded larval redflsh must begin

exogenous feeding very quickly. As increment formation is

‘widely regarded as a direct result of feeding and growtﬁ, I

feel justified in assuming the first heavy increment occurs
at extrﬁsion. This;belief was also held by'Radtke (MS1980).
After incteméﬁ% formation is 1nitiated,‘subsequent .

incrementa are aasumed to form daily. Thia[aaaumption can be
indirectly suppotted The main re;}iah extrusion time on
Flemish Cap is the April to May period ( Bainbridge and
Cooper 1971, Templeman 1976 ).~Peak’extrueion was. estimated'
from length.frequency data to. be the last weék of Asril in
1980 ( Anderson’ 1981 ) and 1981 ( Anderson M51982 ).

_ Becauae extrision is virtually complete by late June-
to July ( Baraukov and Zakharov T??Qrumampleman 1976 ), the .
predioted dates of extrusion of larvae captured in this
pegiod‘shoﬁld‘matcﬁ;bublished accouﬁtsﬂ of.redfish‘extrusion
activ;ty. Figure G‘indiéatee re;et;ve extrusion eFEEVity
th}oughout ‘the Spring'and eafly'shmmér of 1980 and 1981 fro;
back-culculation to age 0, aasuming one increment equals one

day, oﬁlthe otolith increment counts from/iarvae captured in

late June to early July in 1980 and 1981, Corrected for

‘ average instantaneous mortal%}y of 2 = 0, 05 (Anderaon 1931),

‘these counts indicate redfish extrusion was iﬁTt{?ted in

mid-March, intensified through early April to peak dufing
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Intensity of larval extrusiph activity on

Flemish Cap during -thé 1980 and 1981 . seasons.-

Numbers on the vertical axis are relative,

not absolute abundances.
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the last two weeks of April. Extrusdion activity declined

_rapidly through May and was virtually complete by thep first

-

of June. -~

IXI.A.3. Age and seéittal radius at length data

Age at length and total sagittal radius at length data
are summarized in Tables 2 and 3 respectively for 1980 and
in Tables 4.and 5 respectively g‘! 1981. Larvae aged in 1980.
ranged from 5.6 mm to 29.6 mm ‘in. length and ranged in age
from: the newly extruded ( age 0 ) to 140 days. Newly ,

extruded larvae ranged from 5.6-8.9 mn in length, a rather -

. ™~
large range in initial lengths compared to oviparous, marlne

species. ile it was not unexpected to find a 1arge range
of ages with%n a single millimeter length-interval in uf
(gxger, older larvae, it was quite interesting that smaller-
larvae, under 10 nmm in 1ength. within the game millimeter
size interval differed in age by as much gs 3 weeks. %etal
eegittal radii ranged - from 14.87 ;icrdﬁeters in one larva of
0 mm in length to 358. 98 micrometera in an' early juvenile
of 28.7 mm. The high intra—group vuriability observed in the
age at length data-is also evident'in the total sagi]‘gl )
radftis. at length meesurementa.

During 1981l no larvae emnller than 7.0 mm in length

were\:eptured for otolitn analysis. Larvae aged in 1981

LY
1

T e 4
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Total length N Mean age Range St. lerror of
: (days) (days) mean
5.0-5.9 3 1.00 0-3 1.00
6.0-6.9. 49 1.37 0-8 0.25
7.0=7.9 105 2.28 . 0-18 0.33
8.0-8.9 73 10.26 . 0-24- 0.72
9.0-9.9 99 - .1l2.61 2=-26 0.57
10.0-10, 154 16.23, . 5-33 0.41
©11.0-11% 79 21.35 7-35 0.58
12.0-12.9 v 23 28.26 20~46 1.29
&, 13.0-13.9 11 : 34.73 25-40 1.27
14.0~-14.9 ‘9 : 41.77 31-72 4.02
15.0-15.9 4 - 53.00" 41-78 8.55
*16.0-16.9 2 69.00 56-82 13.00
17.0-17.9 - 11 . 72.45 59-82 2.55
18.0-18.9. 10 . 75.70 © 68-89 2.3
19.0-19.9 14 -1 77.29° 64-86 1.7§
20.0-20.9 - . - 18 87.11 65-105 - 2.69
21.0-21.9 27 - B86.41" . 73=-102 - 1.40
22.0-22.9 21 89.62 " 71-115 2.58
24.0-24.9 15 . 99.33: .° '80-140 "3.60
25.0-25.9 4. 112.00 . 99-120 4.74
26.0-26.9 - -3 . 104.66 96-109 4.33
28.0-28.9 2 . . 110.50 103-118 7.50
/

-
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. Table 3.. Sumﬁéry of total aagii:tai' radius measurements

- in micrometers and.total length" in.one milli-
meter intervals for larval redfish in 1980.
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¢
Total length N Mean radius Range " St. Error
: ' ( pm) (um) of mean
5.0=5.9 3 . 16,52 15.63~-17.16 0.46
6.0-6.9 49 18.23 14.87-28.59 .37
7.0-7.9 - .105 19.37 *15.25-40.41
8.0-8.9 : 15.25-57.19 " 1.00
9.0-9.,9 21.35-59.48 0.86
10.0-10.9 25.16-64.05. 0.65
11.0-11.9 28,21-65.19 0.89
12,0-12.9 51.09-93.03 1.84
13.0-13.9 57.19-112.87 -5.64
14.0~14.9 -+ 81.59-177.66 9.89
15.0~15.9 94.17-187.09 20.83
16.0-16.9 2 164.84 . 148.69-180.98 16.15
17.0-17.9 -11 . 184,22 .’160:80-205.77 .4.21
18.0-18.9 100 . '185.98 »171.14-208.74 4.52
19.0-19.9 - 14 199,79 175.26-217.38 .3.52
'20.0-20.9 - 18 207.16 168.89-226.70 3.75
. 21.0-21.9 , 27 219.75 182,88-265,18 3.65,
22,0-22.9° 21 231.85 203.36-262.08 . 3.24
“23.0-23.9 17 237.42 - 207.02=-274.15 -4.90
24.0-24-.9 15 261.63 . 226.22-317.83 6.33
25.0-25.9 4 262.45 215.79-31084 . 19.62
26.0-26.9 3 280.18 . 264,92-297.79 - 9.56
. 27.0-27.9 1 276.30- - - e
28,.0-28.9 2 A.331.07 303.16-358.98 27.91
. ("
' »
-. 5)
.




Table 4.

33 s

‘Summary of age in days from -otolith imcrement

counts- and total length in one millimeter int-:
ervals for larval redffsh in-1981.
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Total length - N - Mean age % Range St. Error o
(dgys) (days) of me'\an
7.0-7.9 9 "5.56 0-11 1.28
8.0-8.9 Prad 7.45 0-30 1.26
9.0-9.9 63 13.52 2-41 1.12
10.0-10.9 74 22.53 557 * 1.30
11.0-11.9 8l. 32,77 12-63 1.32
12.0-12.9 .83 - 40.81 19-74 . 1.26
13.0-13.9 é6. 29.20 30774-“QL;_,x.25
. 14.0-14.9 52 55.37 . - 35-79 Vg
115.0-15.9 28 58.82 42-75 . 1.46
16.0-16.9" ° 18- .67.72 © 42-81 2.24
17.0-17.9 - 1 * 69.8 52-84° - 3.34
-;a.q—ia.g. - 9 ' 76.78 :i,/’ 5;-37' 3?81
19,0-19.9 . ‘s . 78.40.. 65-94 5.18
20.0-20.9 T2 £ 100,00 90-11Q,  10.00
21.0-21.9 .4 94,25, . 79-114 8.14
22.0-22.9 "2 .117.00 <'1124132“- 5.00
53.6423;9 | 2, 15.50 110-121 ~  5.50
24,0-24.9 . 1 ©127.00 - -
Y /" .(
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‘Table 5.

Summary of  total saglttal .radius meaaurements
in micrometers and total’ length in one milli-

. meter intervals for larval redfxsh in 1981.
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‘Total l‘e'n!gth . N Mean radi‘us Range 'St. Error -
' * (pm)- ( pm) of meah
7.0-7.9 9  23.72 16.78-29.36  1.56
8.0-8.9 29° °  25.85 ' 16.01-52.99 1.41
9.0-9.9 63, 33.79 ©  18.68-74.73 1.57
10.0-10.9 4 45.60 22.11-84.64 1.76
11.0-11:9 81 52.98 28,98-136.80  2.52
12.0-12.9 . 83" 82.08 - 37.36-126.1% _ 2.40
13.0-13.9 66 . 100.49 - 59.86-140.53 2.16
o le0das 55  ¥ " 116.60 . 77.39-154.41°  2.28
. 15.0-15.9 js" ' 129.02 tmm;qg,32-157.85~ 2.32;
N i6}6e1§;§ TS |2 145.55 °118.19-166.51 °  3.41
(17.0-17.9 11 148.49 | 125.05-162.88 3.84
18.0-18.9 o 158.06 150.98-172371  2.47
19.9;1éi9 - 5 . ° 161,46 131.86-178.12 7291
20.0—50;9' | gﬂ" 216.45 . ~171.944260.95 " 44.51
© 21,0219 4 }207.37 . 190.50~239.46  11.12.
»,;22{0-2259 ' 2 .'lé48.?9 Y. 215.67-280. 91 '32.62
23.0-23.9 2 '267.86‘1, 265.56-2]6.£6 2.30- i
L 2a.0-249 1 29549 - v
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ranged from 7.0 mm to 24.8 mm total length and their ages'
ranged from the newly extruded ( age'O ) to 122 days old.-

. ,\{he unexﬁectedly high intra—group age variabilitg observed

in small larvae in 1980 was even hlgher ‘in 1981. Larvae
o~ ‘

- ( w 8. 0—8 9 mm in length had an age range of 30 days while -

1arvae 9=0 9.9 mm in length dlffered in age by as much as 39

.

w:ii‘_' days. These high intra~group ranges continued into the

larger size intervals. “Total saglttab radii ranged from a

2 . 2] L]

low of 16. 01 micrometers in a larva 8.0 mm_in length to “P

¢ 295.49 mzcrometgrs in an early juvenile at 24.3kmm., P \i
KNS . .

=
L]

IiI-A.4.lLengF§ at age regressions

Pl

as the Gompertz or Vbn Bertalaﬁffy equatlons is lnapprop- T

~

o . ‘riate. One obvious characteribtic of . both\&ears is- the large : J‘ .

- 'amount of scatter, probably indicative of 1arge'hariatioh id

¢
A

o E growth between indiv1dua15.

.

.

: From least squares regression procedures ( Table 6 ), -

o " the fltted‘equationa for 1980 and 1981 are, respectively:‘
* ) ‘¢ o -

, - . . . .o N . . »

| TL = 0,160 Age * 7.423 L T
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Figure 8. Age‘ in days from- gxtrusion versus total
| dength in millime 8 for larval redfish
P on Flemish Cap in X198l.
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' data for 1980 and 1981,

/ : ’ - .

:

A
Parameter estimation and analyais of gariance o >
of. least squares regression on length at’ age |
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o et v e = -. - l -
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38a §
f
‘A. 1980 Regression '
Source DF R? F Value Prob > F
. ‘Model RN 0.947 13571.95 0.0001
Error 754
Total - 7155
‘.1 -
Variable DF Pardlneter Standard T §for“HO: ‘Prob > ITL oo
¥ " __ estimate error paraneter = 0 - v o «/
Intercept 1  -7.422 0.058 127.78 0.8001
age 1 0.160 0,00137 116.50 0.0001
B. 1981 R\agi‘esaion
 Source  DF R2 . F Value - Prob > F
Model 1 7. 0.79% 2092.37 0.0001
Brror 537 ‘ } ' . '

. Total 538 - .
R Variable D Parameter Standard K T for HOs Prob > 1T1 -
o . estimate error parameter = Q '

Intergept 1 8,208 0,107 . 76,39 0.0001
age L 0.109 0.00238 45,74 * 0.0001°
» L}
. O -
L4 \ hd ' s
o . d
¥
: R ' PR Tt )
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TL = 0.109 Age *8.208 . ¢ .

where TL is total length in millimeters

and age' is number of days post-extiz;usiqn X

Analysis of variance F statistics for both regressions

A

are highly significant ( P < 0.0001 )’and the RZ?, ,

. particularly for 1980 is high indicétiné a good fit of the -

data_.to the linear 'model:_"l‘he‘alopes.qft the regression

equations are estimates :Jf the mean dai'ﬁ; grsowt.h ‘rate while'

the,inter.cep.t.s" 'ar‘e‘ estimaftes. of lenéth at extrusion.
A'na}ysis of variance F tés;s_ffgr equali.ty o'f é],of:es' '

indicate £he siopé of t}ie 1980 r'égression is signific'antly

' . greater than the slope of ‘the 1981 regression (F= 355 44
Prob. < F = 6. 0001 ) and the. chfidence :Lntérvals about the Lok
,intercepts do not OVerlap at the 99% confidence level. Thls

means that, although redf:lsh larvae at extruslon were ,larger

in 1981, they subsequently grew more slowly The two ' - ¥
regress%on. Ii.nes intersect ah ‘15. 6 days indi ating that, in

1980 larv e old_ r than 15 days were usually 1arger than

larvae in - 1981 a the aame age. ‘ ' . v

IIX.A.S. Lgngth at éag:l.ttal radius regtg\ss}.‘ons - T

!

]

The fish length a-t<s‘agitt'al'rad§ﬁs'd‘ata for 1980 ind

1981 (" Figs. 9 and 10 ) also have no,appai'.en't ‘exponential’ *

!
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.Figure 9. - Sagittal ‘radius in micrometers versus. total

length in millimeters for larval redfish
on Flemish Cap. in 1980. ' Lo .
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‘ 1 » on Flemi’ah Cap in 198l..
: ' v
i — .
* N .
< .
:o \ B ll
r
) a
, ]
v : . v
v , - * "
} 5 Lo
i
' c b . n N
“ .o ' 4 . ,
. L 4
v, >
' o ]
. 4 ’
N v

Sagittal radius 'in micrometers versus total
length in millimeters for’ 1arva1 redfiah

o

[
B v

TP




R RN - R e . e T Y S~ . te e r oay s - DR - N H - - -
- N - . 4

. ,

- ~ / - A .

. . 1 - . N A T . -t . K

. "~ .
~— ! ¥ :
- * l - .\
. ~ .llll..'.l#lll..l.....i
. o ﬁ . . -
. . , -y . 4 ¢ . o
- . . . - .. ’ .
- rd N ' iy N . LY : ‘

3 fl ST Lwemysniawe wamevs - - . T
_ 00f ©E2 032 OM O . 002 OBl . .09t .- OM - 02 OO 08 03 06 - 'O2
‘ - - ) /.. .W : . : ’ . ’ : . ) . - .no..' LY
. 0 o e-e
| B |
- ' . :- -
. N R I
" ot 209 &
. ' . 28t oPePors .
. PePow 5 o .
_ . T
- .. . 1
- J.
, ) ” ) - \\, R . . P
: *- . .
i b -

) - ’ . . . 5 . .
R e et e e 1wt . . N VY - - . .
. ' d - o - . Lt '
) . . ‘ . . . . . .”. . b .
.. OV : . ° ’ - ) - N -7 ‘ -
3 e . N e o o ] 3 , )




42

s

2

phase or inflection point:~ However, there ie some non-

B e

olinearity in the data. Nou—linear parameter estlmation

. Ay - procedures J.ndicated the data fvere ‘better fit by a-

a
L 2

p'o'lynomial= of the form:. . .

. . 0 . . . ."A
¢ Y= ax?taxto .
/. ' 0. . ’ S .
s : . N 3 L

” L - where Y is total length at capture J.n millimeters
\ o ¢ \'.
C . and x 15 the sagittal radius 4in, micrometers P

. q—ﬂtvrrn—r-—_f:n*--n-'—i” .

[ }'_—.; ‘! N . - ‘
3 rather than a linear equation ot an exponential with an

From least squares regression proceduree. summarized ln :

.-

? o Tabie 7 the f:l.tted equations fot." 1980 end 1.981 h?ereo -

] CoL Do o ; R . L - ", =
. qespectively- T E ."t-.-' S ..,,-' AR IR

t E - .t . ' ’.;“~ : . ' . ' ": PA" . . t": :‘, ) e '$ " .",.“‘ . ' ’ N I g

- .-'~.- ‘ _"‘ . .: “'.,_- “"~"\v..“' ) ,'","".‘.‘ 3
e 7. W0 i =-0.000088- Radius? * 0,0885 Radius * 6.406

P asymptote ’.l.;.ke the Von Bertalanffy ‘or Gompertz equations.","-\

*
o
o
Q
' >
»
‘ »
.
7

. e T = .0,000033 Radius? +:0.0494 Radius * 8.112

, = I
.

R sagittal rndiua relatiohs‘nip does not imply any parti.cular

squared term ia neéative in 1980 buh poeitive i.n 1981.‘ If

Uae of the polynomial to describe t‘he length at . 3 f';."
) 'biological, meaningfuiness to i.'ts usage. T‘he sign of the :5:"' ‘

‘ t,here is any biological meanlng to this it is n.ot apparent. 3 :

" - . Use of the sign'e of t.he squared terms as they are gives t.he
. ’ ! 4 - - - l . ‘l .
" ! : _ptt;‘ et :
, SR ~ ; C T
f: . I-’ A .".. o . P.:.l : i’s: .»‘.
v . L . ...'-‘ e ::’., ‘ .'" -..'.'v
‘ R T "
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A. 1980 Regression - . ﬁ
i ; 74- gource = ,DF .  R® . ' F Value Prob > F' ,
r"‘ﬁ"“-—‘\ . - : ' . ;.
- 5 - Model C N 20 0.955 8004.25 ,0.0001 !
] , Brror »51 ' V- : o ‘ . !
P ¥ Total . 753 .t : R ‘
'; v ! . Vp.'riable DF Parameter' Standard T for HO: Prob > 1T1 ”
r.‘l L " : S estimate error parameter = 0 ; ¢ !
o s I N '.= ' . ' (- v . :
: Intertept 1 6,406 0.0942 68.005 0.0001 N
? - Radius? 1 -<0.000088 0.000009 -9,113 0.0001 i
N : Radius 1 0.0885 0.00259 - 34.171 0.0001 $
- i > , B. ' 1981 Regression " - o, ¢
. . i . . N ‘ R ’ 4
X , Source . DP * . R? . F Valué " ,Prob > F
:. \ L J :. - ‘.‘ . - . /J_
! ) . ' Model ) 2 .. 0.860 = - 1647.99 .o .0.0001
' Error 53 - S | o
f ; .Total - 538 ° . T, ’
.. B . , ._‘ o - R i R - ' -
. i . Varidble’ DF Parameter Standarxd T for HO: Prob > 1T1
S v .+ _ estimate .error parameter = 0 .
;“"‘ Intercept 1~ 8. 11’2? . 0.1386 +58,463 0.0001
Radfus?2 - 1 - 0.000033. 0.000013 2.570 0.0104 _
, Radius 1 0.0494 . 00284 17.344 '0.0001° )
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‘pest . fit to the existing data, keeping in mind that any

procedure whiCh fits an equation to data will seek a
: ]

compromise in determination of the best fit over the entire

', data range.

In both years (1Eigs. 9 and 10 ), there is an obvious

“énon—linearity to the data,rparticularlY‘at the very‘smallest

.in the data.

1
{

4

) end of the data set. v

'-fieh_lengtha.-Tﬁis results in a downward curve of the data

points; The nOn-linearity“seeme to be confined to the lower

end of the graph with the remaining data apparently linear.

. The coeéfiCLents of tha polynomial, as uaed, repreaent the .,

beet compromise between the linear{and nonwlinear tendencies

Although the rad;ﬁs sduared coefficients appear rather

small, the T test &or HOQ: Parameter = 0 indicates the

I coeffic ents are-significantly different from zero for both

'ig lysis of variance F statistics for both

regressions are also highly significant ( P £ 0,0001 ).
Fitting a linear equation'to this data would also probably
pe highly significant. However, with.the non-linearity in
éhe sagittal radius to length relationahip in smaller fish,
the polynomial givea a more satiafactory fit at the lower
o)

The coefficients of the quanratid'( al) and linear

{ a, ) terms were evaluated by analysis of variance F tesks

(Hy s a;, 80 =a,,81 a,, 80 =a, Bl ). Thé overall F

/

) e -

- 4 "
i At o b e & b, A Sl b 1 i 4
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. statistic was aignifi‘cant ( FE =75, 9]'. Prob. < F = 0. 0001 ).

~

Evaluation of the standard errorg of the estimates of a1 and
’ . i a2 -and the intercepts indicate the 99% confidence intervals

i 2 B
© a}bout the estimates do not overlap \’ S f o »
| : f " ,
. . ’ ! o ' . ' ‘ . . *
- ' ‘IIT.A.6. Length =€ extrusion e : Lo
. L ) y . . o T ' .
E : 3 A . v -
- Because of observed wide: variati‘on in- length of age 0 ol
. lai'vae, the 1ength extrusion was estimated for each 1arvae \,
individually bafore its’ growth history was, calculated. ;Two‘
LN . "
estimators of length at extrusion were obtained from the

. regreesions of total\length versus age. These may :B‘e

written as: ‘ _55’ ‘ | *

.’IT. ¥ 6‘! ) .
*. ) < - - !
. ‘ ‘ - 4 '
: L. Ly =Db X '

N » f

’ «‘ . ~ "’
? 2, Ly, = ™. - (a+rage ) ., .!

I Ld )

[} N » )

i : - .

. vfhei:ﬂa is the slope and b the intercept of t_‘{\e
4 ) « . : . )
5 length at age regregsion ‘equationa * ’ !
€ s . . . . 'f ‘ i

* ~ and age and TL are ‘the obderved age and total length
N o : ' ’ .
: of each individual. ’ . o

N ) ¢ . 1) .

! I I . v 4

\\. L] ) . . A ‘ ’

.Lgy i8 a constant but Ly, is an estimator based.on the

| . : o
i slope of 'the regression equation. As such, Lg, fiuctuf‘tg‘l
’ R e
. "" o ‘ N i N E . .‘;I
S i : - ¥ - . . A . .
’ " \\‘. ‘ " . - T ‘ L! ..l\ d » i "A_V‘ ‘ ‘:’ :A‘. \‘

e o e et a4 3 il 55

T e = e



* -

"

""in Table 8. The parameter estimates'for ihtercept and

1 )
with ' deviations of individual growth from the mean predict

from the'regression stope.

The variances of Loy and Lo2 were the parameter 3

ed

¥

\ - .
imates of ‘the linear regression of (1) %?e squares of the

deviationsiof Qbserved total length from the regression 1lir

lf total length v‘rsus age and (2) the squares of observed

age% ‘These regressions, for 1980 anl 198}, are-summsrized

age? are the variances of L, ‘and Ly, respectively. These
second—order variances were uaed because the

' 8
heteroscedasticity in the length at age data with its -

agoincident reduction in the number of older larvae gave a

‘ first—order variance for each peoint which was considered t

be unrsnlistically low for older larvae. Use of the secon
order varisnees better reflects the increasing variability

in total length. with increasing age.

ne

° .

d .

Determinntion of a single best, or optimal, estimator,:

)

of L,, the true length at extrusion, was determined from L01

and Loz' The optimll eatimation equation used was that of

Gelh ( 1974 )

o2 ’ 2 *
L = 02 Loy 4¢ 01 Loz
Y
. 2 2 |t 2
Gg1 + dp2 g1t 9o
- ‘ . ]
| o .

d

]
B T SN W SR
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‘A. 1980 Regression
L]

I3

‘Total 755

! ‘Var'i;aﬁle.' DF} Parametew.!-' Standard T for HO: | .

Source DF - = R2 . F Value

Model Y . 0.219 . 211.66
-Error 754 . T

Prob > P

' 0.0001

"®%ob > 1T1

estimate’ error —parameter = 0

_Intercept 1 - 0.7118 0.1046° .- 6.80
© Mage’ 1 0.000405 0.000028  14.55

¢

-

Br 1981 Regression

Source - ‘' DF . ~"R2 . F Value

L
7

Model 1 0.105 - . - 62.86 °

Error 531 e
_Total , [53'8

»

- Yariable DF Parameter Standard T for HO:

*0.0001
0.0001 .

L

" Proh > F'

0.0001

Intercept 1  0.8269  0.1510 -:  5.48
age ' 1 . 0.000398 0.00005 . 7.93

estimate ' ' error parameter = ( -

' ,0.0001

0.0001 - .

-

"Prob > 171
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- wher'e L, is the optimal estimator of 501 and Lbz ' J
_ 2 2 . - S B
and»001 and o3, are the variances of the. respective

. : : : ' -
estimatore _ ’

P :The variance of the optimal eetimptor iteelf is given by.the
: . S 0 : s

" equation: ' B T e

v e : . o o Lt . -l L

o el 4 o '.."" -‘ l 2 ’ H 1 . . ’ 1

2 e ’
. gﬂﬁﬁf,::} e *

The optimal eetimat}on technique has . the deeireable
"
. quelity ‘of emphasizing the individual estimate with the

lowest vq;;ance. This ie/gzcompliehed by weighting the

estimates in §§lation to the eize of thejir respective

-

' variances.’

¥ 7 e - - . .

c ‘ 'Because of the nature of the scatter about the
. . ! ne &

~ ,

catter observed

¢

regression linee, with'the most older,.

larger larvae, esbimates of- length at extrusion sed on the

voe

'ragresaion inrercepte may be better than eetimates 5aeed on
ﬂ; g ‘. ‘the slope. Becauee this optimizetion procedure is we?ghted ,
P - by the variance of the individuel eetimatore. and the . ..
' E', . ‘ variance of L02 is highest in older fish, then the q

E ) ) procedure weighte the reeulting optimal eetimat;r’for older ‘:.

. ~ £ish more heavily in fevor\of Loy

PP
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The fréque'ncy distributions"and nieal:s' of. the variouAs

i(ntermediate eetimators and t‘he final opti%l estimator for

1980 and 1981 are summar.ifed in. 'I'ables 9 and 10

respectively.
#

both 1980 a.nd 1981 are not significantly different from the

‘ observed- mean length/of age 0 larvae captured in 1980

and 1981 8.38 mm (Prob. >.0.05 ).

y 0 0 P o

-
~
¥ ! ~
4
e ..
. . ) " 5 il . \
N 14 0 B *
. " ¢ . - -,“‘ \
PR . k2] ¥
- . ‘

-
?
-
4 - <t [P by
- s - - - .
- - T, - S T ) ¢ , . [ T
La

'J;he mean predicted length at extrusion for

7.46-

o
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. III.A.7. Temporal Vvariation in length at extrusion” = -

Length at extrusion varies with date of extrusiqn.(ror,f

" ’ .
[ : . r

‘1ength at extrusion steadily increased from 6.86° m QorQ'

L ’J;the main extrusion period in 1980 ( Fig. 11 ), the mean i

--140- 149 ‘The analysis of variance F statistic comparing

‘ differences ih length at extrusion with extrusion time is

statistically significant AP = '10. 27 Prob. > Fa 0 0001 ).

]

"ThHe 95% confidence intervalh.about the ce11 means are ;7..~

: 1aygely non-overlapping, indicating a trend towarde .

Q T ; increaerng length at. extrusion with increasing date of
'extrusion. o S R
. ‘ Ig~1981 { Fig. 11 ): the trend obserg‘? was nearly
o opposite ‘to 1980. Larvae extruded from Julian d_ 90-99 had

o o a mean total length 95'8 49 mmm This steadily decreased

U 'through to the Julian day period 130-159 to a "low- of 8 11 m ﬁ .

\';} a -and then increased to 8.56 lm for Uulian days 150‘15¢r The'

. analysie of. variance F. statistic comparing length at .

. h ' - A T
. Coo { oL , \;
. v L AR * .
: & . ' : ' o M ' R
. ok . : , ' P
. H M \ . JREET ' =% . '
-‘". L T u E - ’ ' ) .
53 . | o / . Y
E s . ' *® 3 | ‘

extrusion with extrusion date is significant K| F =

,. K i larvae extruded in the dulian day period\SO 99, tb a peak

of 7 96 mm for 1arvae extruded in late May from Julian day

:ﬁ 15’::.,
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‘?;ob:;>
_ the celfﬁﬁ

-at extrusion does signiflcantly ‘vary with extrusion date,

. ‘III A.8: Back-calculatéd growth hlatory

-to - the greater mean length at extrusion in 1981. Hawever,

' after this time, 1980 1arvae are consistently larger than s

= 0,02 ) but the 95% cqnfidenge’inter@als about
. >‘\. ) .q -\ \
ns ~all overlap indicating-. that, although\length
L /

~.

- e

-

there is no systemati endAtcwarde either increasing or

decreasing Tength at extrusion with date of extrusion. )

— '
T L
.

- ) >

. , ' . - [ . |
[ o N .. . .

-
L

L : 5 - . -~

~
~
s g v tbs A Lo LA 3 < ik Lt el v b

. \ ) : h
“The growth history of each larva was determined by a. \\\\\\\\ !

baék-caloflation procédure based on the predicted length .at \%“*a:

’

extrusion and the: measurementa of saglttal'radii aﬁ each 5 L

increment interval. The mean.daff; grcith/rate in each

interval was calculated both in mlllimetera per day and as a
per cent Oﬁ;?ody length at the start of the interval., : ) L

The back—calculated length at age data for both 1980

and 1981 ( Fig. 12 ) are ‘very aimllar to. the observed 1ength
- ~

) at age data {-Figs. 9 and 10 ), support}ng{he effectiveness ‘ ”

of the back-calculation procedure as an accurate. predictor
of paet larval growth history. Until age 15-20, 1arvae ' T

extruded in 1981 are greater in 1ength than 1980 larvae due

(t

1981 larvae at ‘all ages through to age 100 as a reault of
the gteater mean duily growth rate in 1980 The mean duily

growth rate for each 5 day intervaltback*calculated—over

. . .
LN v 1 N
~
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A

" each larva' B lifespan is shown in Figure 13.. A ..

¥

" In 1980, the mean daily growth rate for\ the firet 5 -

~days after, extrueion was 0.143 mm per day. Daily growth

rates declined through #5 age 10 and then increased steadily'

»

to peak around age 65 at 0 188 mm per day. Lanvae older than ,

65 days experienced a aeriod of declining growth rates
through to age 110 by which time the daily growth rate had
fallen to 0. 108 m per day"‘Expresaed as a per cent of total

length ( Fig. 14 ), larval growth was greateet initially to

: age 5 K 1 9% per day ) and declined steadily with advancing

. f. . \
age to 0.49% per day by age 110. . R | \_,

T

The overall pattern of daily growth rates for 1981 .

( Fig. 13 ) .was similar to 1980 except ‘that the magnitude of
grOwth was coneistently lower in all but the very oldest

larvae measured; Initially to age 5 larvae grew at a mean

. .
AI - .

. .
e g L g VS b M i e e b e T
- R . S

—

) daily growth rate of 0 089 mm_ per_day_uhichwdeelined—further :

by age 10 to O OBG mm, per day before steadily increasing ’
rapidly to O 131 mm per day by age, 45. These higher growth
rates were . not suetained through to age 65 as in 1980 but,
inetead, began to decline until age 80 to 0 115 mm per day.
A period of recovery then followed ehich saw. daily growth
rates peaking at 0. 137 mm per day at age 90 but then: falling
again to 0.112 mm per day at age 110. By age 100, growth
ratee of larvae in both Years . were comparable.

) Erpreeeed as a per cent of total,length ( Fig. 14 ),

i

I
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\ initially to age 5"1arvae‘grew at l.Qﬂ% per da§ declining'

Caie
R

. dld)larvae 1n 1980 and, as a. result, were consistently

1
3
|
1

to 0.99% 'per -day at age 10 before recovering to peak ae

1. 16% per day at age 35. Daily growth as a per‘cent of totalA

-

length then declined eteadily, as in 1980, to, ).52% per day

by age 110, Comparing 1980 to 1981, larvae inj
o age 110 than;

_0

-\

i

L III. A 9. Temporal variation in growth history
ot

i

h

more‘slowly, on average, at all agee through

) smaller, et corresponding agee,.than 1980 1ar%ae as well.

»

. L RN A
A .

1 r .
¢

The growth hietory of larvae extruded at different .

'»?{des w1thin the same year varled coneiderably. Flgure 15

shows these reeulte for 1980. In thie figure an

18, Ext90 ‘means larvae extruded on Julian daye 90 99 and-

ExthO means . larvae extruded on’ days 100 109 etc. In 1980,

Rl

larvae extruded prior to day 120 initlally grew more elowly

- than those extruded .on day 120 or later. Only ExthO and

| . Extll0 larvae did not experience a -temporary: decline 1n

- growth rate by age" 10. Growth rates in all larvae,

irrespective of date of extrueion, ﬁluctuated coneiderably :

over the larval period..The lower initial growth ratee in
'larvee extruded prior to "day” 120“continued, on average.'

per day, 0.151 mm per day, and’o 154 rm per day for th90

T

1981 grew muph

_through the 1arval period with meen grewth rateslpﬁwQ,ISB mm .

I
|
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Ext100, and Extll0 larvae-respectively. Extl120, Extl130, and

. Ext140 larvae had mean growth ratéa of 0.171 'mm per day,

-Despite the considerable variation with-'age,

0.190 mm per day, and D 172 mm per day respectively.

The highest mean growth rate :Eor any 5 day interval,
0.211 mm per day, was attained by Extl40‘1arvae at age 35. .

'larvae'extruded

later than day 119 ehjoyed higher mean daily éroﬁth rates

'compared to larvae extruded earlier. These. higher growth

‘ rates over iMe entire age range measured coupled with the

increasing initial length at extrusion for those larvae . !

extruded later in the season, result in the later .extruded

'larvae being consistently larger at all ages than earlier

extruded larvae | Fig. 16 E ‘.

In 1981 ( Fig. 17 ), there was no strong tendency
. towards increasing growth rates for later extruded larvae.
Ext140 1arvae attained the hignest mean growth rate ‘at’ 0.142

mn per. day bht Ext130 and Extlso‘larvae grew, much more

;slowly at 0. 095 mm per day and 0 100 mn pery day

respectively. Indeed, except for Extl40 larva s there seemed

"to be a tendency for decreased growth rates i later
extruded 1arvae'f;.1981. Mean daily growth rates for Ext90,

' ExthO ExtllO, ahd Ext120 larvae were 0,121 mm per day.

0.115 mm per day, 0 109 mm per day, and 0. 11 mom per day
respectively. The highest growth rate for any 5 day intervel
in 1981, O. 149 ‘mn per day, was atvtained.by Extloo 1arvae at

(4 5 S
T / 1

-—

UC
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_previoualy investigated and ( 2-) multivariate Principal

) Component Analyaia. ' S . ' q-

IiI.B.l{ Pyblighed identification criteria : s , !

phtéti?e.epeéies) identified by Barsukov and Zakharov

2 . : e
65 . ° . i ‘

'‘age 55, although Ext90 larvae at age 55-60 grew'only

slightly slower at 0.146 mm per day. - : g !

| Considering'the different growth rates for larvae j
extruded at various times together with the differences in
their mean length at extrusion, the resulting back-

-

calculated lengths” at age for Extl100, Extll0, Extl20, and ',

voe
ST s Ay o s e

Exk130 larvae ere'remarkaﬁly similar ( Fig. 18 ). EitQOK'

S eI ey g

Ext140, anﬂ ExtlSO_larvee are noticeably 1arge£ at
corresponding ages than lar;ae e#tfuded at other times. ' . SR
‘ \
III.B. MORPHOLOGY ANALYSIS . T
I used two approaches to differentiate the three
putative. redfish speciesi These wefe' (1) evaluatidn»éf

morphological variables identified in the literature on

adult or larval redfish with examination ‘of others not

o

3

-~

."The best morpholegical discriminators between the

1972 )} Templeman ( 1980 ¥, and NL ( 1981b ) are as *

followa:

/“
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( 1 ) body coloration
~( 2 ) eye diameter
( 3.) projection of the lower jew'tubercle o : "
( 4) number of vertebrae
( 5 ) number of anal fin_rafs“ -
( § )znumber of dorsal fin rays A
(7 ) number of gill rakere ‘ ‘.l L
( 8 ) angle of the third poaterior preopercular spine
('9 ) fusion of the occ1pital-nuchal ridge
( “10 ) tip of the pectoral fin in relation to the - anus
( 11 ) gas bladder musculature '
'( PZ,) aub—caudal melanophores
| All these characters, with the exception of the sub—

_caudal melanophores, were derived from studies on adult

ish. Due to ontogenetic changee* bodx coloration, eye

e a s o R AT, s s £

'diameter, angle of the third posterior preogercular spine,
and relation of the tip of the pectoral "fin to the anue ‘
cannot be applied to. larvae. Projection of the jaw tubercle,
total number of.dorsal'fin rays, numberlof gill rakers,

fusion of. the occipitaIJnuchal ridge,~and gae-bladder

musculature are charactera which develoP after the. larval

»

period and hen inapplicable to larvae. - A -

" Larva with two or. more eub-caudal melanophores have

been identified by Temp eman ( 1980 ) as probably 'S.

R




tests ‘on. all applicable morphometric means and byjchi-square

AfsignifiCant. . - L

~

fasciatus while S. mentella and S.: marinus are. more 1ike1y

to have none or one. Sub-caudal melanophores can only be

reliably counted in larvae less than approximately 14 mm due

.to increasing pigmentation in-the caudal area. Developmenf

of ‘the hypunel elements also alters the orientation of the

' melanbphores. Larvae wzth two or more’ sub-caudal

-
n

Amelanophores were compdred to larvae w1th none . or one: by T

- I3

tests on: meristic frequencies. Beceuse time of extrusion

introduced unwanted variability into the procedure, only

R

'.larvae extruded in the .same period were compared. The

' reasons for this. restriction will be addiessed later in this

paper. All T tests,and chi-square.statistics were not

. L | 4 :
" Larvae 15 mm or'laréer with fnlly ossified adult -

uomplements'of’vertebree and anal fin rays were‘similarly
h \

.compared The utility of these tests was hampered by the

necessity of pooling several millimeter size. intervals due -

" to low sample sizes of older larvae.-First, larvae with 29.

"vertebrae ‘were compared to larvee with 30 or .more vertebrae:

[3

) All T tests ‘and chi-square statistics were’ not significant.

Secondly, larvae with.7 anal fin raysa were compared with

larvae. having 8 or more anal fin rays. Only 5. 6% of all
e

larvse with ‘the adult complement of anel £fin rays had ‘a

frequency of 7.. Again, all-T tests and. chi—square stetistics

ware not significant. Lastly, larvae with 29 vertebrae and 7

*

s
.

For
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~had not initiated -or hed not comgleted notochord flexion,

krd
V

| | ; | : | o
N
.\ ._ |

|

" anal| fin rays together weré}compared:with larvae hdving‘30

-

or more vertebrae and 8 or m re anal fin rays. Only 3.5% of
«all larvae with the adult complements of vertebrae and ahal
! f
fin rays had me;iEEicrfrequeAFies of 29 and 7 vertebrae and
. ¢ L . : . o .
anal fin rays respectively. Ajain, T tests on morphometric .

means were not significant. D&e?to Jow sample sizes with

'both 29 vertebrae and 7 anal fin rays, chi-square atatistics

could not be performed.due to ow'expected cell-frequenCiee

kel ‘ T v . : <
. . -

in the test procedure.

‘III.B.2. Morphometry ] \ CoL T o

Heasurememta "of 25 morphometric va les.wete ﬁsed in
a Princ1pal Component Analysis (" pca ) procedure ( SAS, 'Proc
PRINCOMP ) to detect the presence of morphometrically
distinct groups; Bicause _gome v;riables can only be measured
in larvae umdergoing flexion or Laving completed flexion( to
facilitate optimum heage of the'%ariables meeeured; the data’

'were aub-divided into two subeete: subset 1 in which lefvae-

and subset 2 in which all larvaethad completed notochord

Hflexion.h T o o B

Table ll summarizea the teeults of PCA on subaet 1.

‘ijo componente had eigenvaluee greater than l 0. An_

eigenvalue less than 1 O indicetes random data noiee. no’

/\~
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Table 11.

.morphometric variables of larval redfir‘h in

‘\\.

60 - | " :
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Summary of "e'igén"v'ectér and eigenvalue scores:
from principal ‘compgrent analysis on - :

-

subset 1, ]@BO and 1981 _combined.

.
- B
~
. “
f
. ' ' ~
v ¢ h
\ s
. -
-
, .
.
s
.
R -
'
1]
.
.
.
N
. -
-
.
' e
.
T
.




P N

LT T T S e

»
)
v
"
~
—
t
‘
e
€
NS
i -
LS
~
N
-

v
et e et o e

v

. HDDEP - o

. PECTDE

|
|

Principal Comf:ohent 1.

Principal Component 2.

69a

Eigenvalue
9.37  0.669

<

PIfOport‘;on

1.40 ~ 0.100

Cummul at'-.ive
0.669

077691§

. Eigen&ectors -

}?r:ly.n. 1

i

Pt:i’n « 2

CAUPED -

oL

BODPEC S
EODAN L '/.

E?Ep,. , S i :/;

INTORB _ o
'PECTLEN

PRO2

PRO3

N

0.295
o 303'“
,o 299

(0.242 IR

‘/ 0.291

0.275
0.279
10.236
- 0.294
0.191
“0.223
0.239
0.232

- e
.

03308 . - ". *

X o111

. -0.071
0,004
-0.127 "

-0,117
0.173
0.046

< 0.283

 -0.102

0.455
€0.445.

-0.467

.7 =0,437

abbreviations .
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- lgee. Appendix A for variable descriptions -and definition of
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' component exists and the variables are generally nncorrei- . e

ated. Only the first two components are statistically T

significant ( .Bartlett's sphericity test, Prob. < 0. 01 ).

'

Becauae—the—rndiv:.dual variable 1oad1ng on the flrst

g
component are of approx:.mately equal magn:t.tude for all

variables, the f,;.rst component is interpreted as an indiZ

expla:ms 67 of “the total .common varlation. |The aecond

.. component 8 a comparison or d:.fferentlation éampone t

describing aspjts of, pect}oral fin morphology in rél ';Lon

preopercular spine - formation and secondarily, interorb:Ltal

' width and body dEpth at the anus with' caudal peduncle w1dth,

snout length, ‘and head c__lepth. The second component-‘ exp,larhs" )

a further lb% of| the totagl‘common l'atéi 'irariati"on. .
. Usaing the {length at agef regressxon der:.ved from the

.-

otohth data :Eo 1980. a.nd 1981, the estlmated dpte of '
extrusion for larva Wagl calculated from total length
and date of capture. As Figure 19 ahows, the seoond N

component is hig ly correlated with the. estimated‘ date bf

extrusion ( R2 = 0.969 ) The second component, therefore,

nfhy be. interpret d as an extrupion date component.

PCA on subset 2, .conta.:l.ning 1arge la.rvae only and ‘
which J.ncluded t e additional variabl,es CAULEN, CANLEN‘ L

. APDORLEN, PANLEN,
. L . A

- N .
et e P b M RIS 2 it SIRBUR et o b e a3 PR
A

. .
e
U
e

ELLEN, PELSLENBl, PRO4.. PROS, DORLE_N,*. N
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and ANLE&,lgaVeusimilar'results for component,l. Although~2’

-.b

components had’ eigenvalues greater than 1.0, only the first

¥

was significantly,different from 1. 0 ( Bartlett's spheric1ty

[

tést, Prob. < 0 05 )

Table 12 summarizes the PCA results.‘-

The ipgenvector loadings for component 1 are similar for all

variables indicatinb thls component may pe termed -a general:

A\l

1ength relationship component as in the analysis on - subset

l Althoudh the seconﬂ component is not statistica Y v

signiflcant, it 18 highly correlated Wlth estimated date ‘of

'extrusion ( R2 Q 721 ) This indicates that. after

) s,

: variation due to larval length is removed, the next most

important inflgpnce ‘on’ variation is strongly related to

q . "" .l .
extrusion timet ' _ ﬂ.'= _;}, :
. - . oo ;i
R & )

The relationship of each morphometric variable with

n’

the estimated time of extrusion was evaluated by analysis of

R Y e

variance F tests oh the interattiOn df extrusidn time with

IRS 4

frsh length. To facilitate the analysis,zlarvae were placed

!

¢, >

£ f.f,

into two groups* Group 1 contains larvae whose estimated
.P

s

extrusion time is before'Julian day 123 and Group 2 larvae
R . 8
hose extrusion time was on or after Julian day i23. This‘

Y

date wae chosen because,it”approximates the time of

¢

. completiow of peak extrusion in the seaeonal extrusion cyclq\\ e

v . \ s’ . u e .

. on Flemish Cap.- e ' - I S

» R »

- . .
] \ [ ¢

¢ ‘
bk e

T

AnaIysis of variance F tests,. performed on. each S
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73a :

- 0,209

) Eigenvalue Proportion Cumulative
Principal Component 1..™~ 18.51 0.740 0.740
Principal Component 2. '1.09 0.043 0.783
¢ ‘Eigenvectors

Variable, Prin. 1
TL 0.228

. SNANLEN 0.225
HDLEN 0.203
SNTLEN /0.142
CAUPED 0.222

- BODPEC . 0.223
BODAN | .,0.209
EYED v 0.207
INTORB ' 0.124
HDDEP 0.210 ~
PECTLEN 0.206
PECTDEP 0.174
PELLEN i 0.211
'PELSLEN T 0.217
PRO1 0.179 .
PRO2 0.179
PRO3 . 0.174
PRO4 . 0.170
PROS ' 0.185
CAULEN 0.208 |
CANLEN 0.208
PDORLEN 0.200
PANLEN 0.224
DORLEN 0.221
ANLEN
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,variable used in the PCA procedure, found.significant
interaction'effects of estimated extrusion time and'laryal

. length ( Table 13 ). Of-the 25,morphometric Qariables
included, only 10 ( SNTLEN, PELLEN, PELSLEN, PROl, PROS5,

, CAULEN, PDORLEN, PANLEN, DORLEN, and ANLEN ) did not have

significant F values®All but the first of these ten

=

.were not measurable in subset 1 larvae.

Plots of individual variable means'for one m111imeter
length groups and their associated 95% confidence intervals
for both extrusion groups indicate the length rande over -

which the two extrusion groups differed the most. o

ST

‘Snpout to anus length [€ Fig. 20 ) was most different

Y

betyeen the two extrusion groups in the 8, 11, 13, and 15 ‘mm

length intervals. Snout to-anus length tended to be greater L

'in Group 2 rather than Group ‘1 larvae at all sizes up to 16 \ _

mm, ' o S \ .
- . . . ] s / .
_Caudal peduncle width ( Fig. 21 ) also had non-

overlapping coniidence intervals over a wide size range from

the 8-13 mm and ‘15-17 mm length intervals. Caudal peduncle '~

. [ \. ' N
width tended to \\greater-in all larval length intervals-in *

Group 2 rather than Group 1 larvae. . ’

' Body depth measured at both the insertion of the T ’

pectoral fin and at the anus ( Figs. 22 and 23 ) had non- . ) . )
overlapping oonfidence intervalsAin the 8-9 mm, 11 mm} and

15-16 mm length intervals with BODPEC group confidence’

f

Y

RN T e PO —
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Table 13.
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Summary of analysis of varianca F atatistics

for the interaction effects of. extrusion’ date
. with total length for larval redfish. 1980 {
-and 1981 combined. . ,

‘v
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A
" Variable . N j F value DF Prob > F.
SNANLEN 614 \ 2.40 14 0.0029
HDLEN 614 1.87 . 14 - 0.0265
SNTLEN 614 ©1.42 . 14 N.S.
CAUPED 614 3.61 14 0.0001
BODPEC 614 1 3.15 14 0.0001
BODAN 614 3.07 14 10.0001
MAXLEN 526 1.90 12 0.0326
EYED 614 . 2.60 14 '0,0012 .
INTORB - . 614 3,45, 14 0.0001
"HDDEP - 610 1.89 ‘14 0.0250
PECTLEN' 614 2.53 14 " 0.0016
. PECTDEP t~'616 2,27 14 " 0.0052 |,
* PELLEN 249 1.69 6 N.S.
PELSLEN 249 . 1,76 . 6 N.S.
PRO1 . 2230 . 1.59 7 N.S.
PRO2 - 445" 3.12 o 11 0.0005
. PRO3 © 510 . 2.61 11 . 0.0032 .
" PRO4 410 3.70 11 '0.0001
PROS X 197 ' 0'43 5 . N.S. ’
. CANLEN, - 215 ¢ LA 2.14 6 ‘ ' N.S.
- CAULEN - - 225 : 2,33 6. .0.0340
- " PDORLEN . -18 0,97 6 ‘N.S.
- PANLEN . 230 1.75 6 "N.S.
DORLEN - 223 1.97 6 N.S.
ANLEN 1.52 6 N.S.
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Figure 20. Mean snout to anus length in millimeters
- and total length in one millimeter inter-
vals for redfish larvae of extrusion groups
1l and 2, 1980 and 1981 combi.ned.
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Figufe'zl. Mean caudal ‘peduncle width in millimeters '
. and total: length in one millimeter inter-— T
vals for redfish larvae of extrusion groupa
.1 and 2, 1980 and 1981 combined. ) y
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N Figure 23,

W

717

Mean body: depth at the pectoral fin .in
millimeters and total length in one milli-
meter intervals for redfish larvae of .
extrusion groups 1 and 2,.'1980 and 1981
combined. .

4

Mean body depth at the anus in millimeters .

-and total length in one- millimeter intervals
for redfish larvae of extrusion groups 1 and
2, 1980 -and 1981 combined. ' .
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intervals not overlapping in the 13 mm and 18 mm length

. intervals as weIl; Body depth measurements tended to be

,greater in Group 2 rather than Group 1 larvae at
correeponding length intervals. oy

., -Head depth { Fig. 24 ) was most different between‘the“
two extrusion groups in the 8-11 mm, 13 nm, and 15-16 mm
length intervals. Head depth tended to be larger iﬁ‘all ;
, length intervals in Group 2 larvae. L

' Head length ( Fig. 25 ): was signlficantly different L

St
/

.over nearly the entire length ranae with non-overlapping 95%
/

confidence intervals in the 8-13 ,45/17 mm, and 19 mm
length 1ntervals. Head . length’t;nd;; to be iarger inggroup‘2
larvae in all. but the////,d 7 rom length intervals.

Eye diaﬁgter group means ( Fig. 26 ) had non- )
overlapplng confidence 1ntervals in the 8—11 mm, and 13 mm
length intervals. ‘Eye diameter was‘larger in Group 2 rather
+than Group 1 larvaj over all’ larval length intervals.

Interorbital width means ( Fig. 27 ) had overlapping
95% confidence intervale ‘at all length intervals. .
Interorbital wid\‘ had no noticeable tendency towarde either
larger or .smaller values in either of the two extruaion
groups. ’ i ‘

' Pectoral fin length means ( Fig. 28 ) had non--
overlapping 95% confidence intervals -in the 8 mm,cand 14-15:

mm length intervals while pectoral fin depth means* ( Fig.

e
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o i-"f'_‘
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v e : -*"“'“'g
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Figure 24. °‘Mean [head depth in millimeters and total:
y : 2 length in one miliégg;g{x}ntervals for -

redfish larvae of Axtrusion groups 1 and 2
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PRO2, Pﬂb3,,and PRO4, are not obtalnable on newly extruded

82

w
> l '
29 ) had non-overlapping 95% confidence intervals for only

the 7 and 8 mm length i?éervals. Pectoral fin length was
larger in Group 2 rather than Group 1 larvae for all but the
6 mm length intervﬁl..?ecéoral fin "depth tended to be larger

in Group'z }arvae at,corresponding lengths up to 16 mm.

f
of the anal f1n to the hypural eLements, was only possible -
in fish 14 mm or 1larger due to the 1ncomplete formation of ff
anal £in: rays A aller larvae. The 95% confidence f

intervals abOut the length interval means did not overlap in"

the 15 and 16 mm length intervals ¢ Flg.‘30 ). CANLEN was

the only morphometff; variable which tended towards smaller

1
values in Group 2 rather than Group 1 larvae at corres-—-

+

v
o *

ponding larval lengths.

1

The remaining four morphometric meaaurements, MAXLE&

4

larvae due to the absence of a oartilaginous maxilla and -

posterior preopercular head spines. These structures develop -

'nfﬁer-egtrusion. Differences in the-frequency of occurrence

. . 1 3
of the three hea pines. between the two extrusion groups
. . L] .

will be diecue;dd'leter in’ the section on meristics,’
. ‘ e T ) ) |
The maxilla was not present as an identifiable cart- -
N - , " ] ) . &
ilaginous structure in all larvae of both extrusion groups

until 9 mm. In larvae smaller than 9 mm, a greater percen-.
. R ! b . : . ol ' 1
tage of Group 2 rather than Group 1 larvae had developed a

o

Measurements of CANLEN,, the distance from the last ray, ,
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Figure 29. Mean pectoral fin base depth .in- milll—'
meters and total “length in ‘one milli-

1

meter intervals for redfish larvae ‘of °* .
extrusion groups 1 and 2, 1980 and 1981
combined. C -
¥
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’ Figure '30.." Mean caud;}‘length in millimeters and total

“length in one millimeter intervals for
fish larvae of extrusion groups 1l -.and
1980 and 1981 combined. Lo
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cartilaginous maxilla ( Fig. 31 '). The diffefences between
t R 1

extrusion groups in Erequency of ‘occurrence. of the maxilla

_was statistically significant ( x2 = 55.53; Prob. » ¥2 =

0.0001 ). Subseguent differences between:extrusion groups in

the 1 ngth of the maxilla are greatly influenced by the

_for b extrusion groups are not overlapping in the 9 14 mm )
'length intervals ( Fig. 32 . : _4' ~4“ ’,‘ s _ ‘ CoT

Length measurements of posterior preopercular spines 1

and 5 are not significantly different’ between extrusion T

': groups but measurements of the second, third,.and fourth'..
posterior preopercular spines are significantly differentq S

'The 95% confidence intdrvals do not overlap- for PRO2 in the'l -

- 10-15 mm,‘and 17 mu length -intervals with:Group 2 larvae .
‘hauing tﬁe consistentiy longer spines t'Fig.’33 ). The third

. posterior preopercular spine, 'which is the loﬁgest spine of

the posterior preopercular geries. for all larvae in hoth
extrusion groups, is longer in Group 2 rather than Group 1
larvae of corresp0nding lengths ( Fig. 34 y: The 95%.

confidence interVals do not overlap in the 10-12 mm and 14- \'

;15 mm length intervals. ﬂhe fourth posterior preopertular

‘spine also tends to be longer in Group 2 larVae. The. 95%‘}

confidence intervals about the length interval means, do not - {

over1lF between extrusion groups in the 10—l5 mm length : .-., _‘

N 1
. R *
N . 3 . v . o
. . . . - . . . .
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\. Figure 31. Per cent frequency of occurrence of the

\ . e maxilla and%otal length in one millimeter:
intervals for' redfish larvae of extrusion

groups 1 and 2, 1980 \énd 1981 combined.
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Figure 32. Mean maxillary length i_n_millimet’ers and
. " :tptal length in one millimeter intervzls :
for redfish larvae of extrusion groups = . _
1 and 2, 1980 and 1981 combined.
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Mean third posterior preoJercu ar epine
length in millimeters and jtotal' length
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larvae of extrusion group 1 and 2, 1980
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Mean fourth posterior preopercilar spine U”’
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iﬁf~\§" approximation statieﬁic: ' : R N

range ( Fig. 35 ).
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-'I 11 QVB- 3 . Meristics -
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" v

The development of cartilaginous and ossified meristic

¢ -

-—-
> . -

.'structurse Cj:“analysed by comparison of the same extruﬁion

»groups as Jthose used in tﬂe morphometric analyeis f'”de

Comparison of Groupe ‘1 and 2. 1ndicated the first occurrence

of bony structures sucﬁ as fin supports and rays,.head - SR

-

-spines, vertebrae, and gill rakers all usually took place in

. L 2

'comparatively smaller -Group- 2 father than Group 1 larvae.: o

Comparing larvaelgf ﬁhe sane total length. Group 2 larvae
“were usually more advanced in ossificetion of a1l bohy -

structures than Group 1 larvae. N L ib ' ST
Larval meristics were compared betWeen extrusion -
. ;

groups by performiﬁg eerial Kruska —Wallie ‘tests on each’ one - °

millimeter length interval for each meristic variable. The- f"v

overall significanqe of the serial\Kruekal-Wallis tests for .

eadh variable was obtained by pooling the probab‘é&ties Yor~

i
eadh Kruekal—W!llis test. into a aingle chi—square

oAy
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vhere Pi is the probability of pwreater Kruskal-
'Wallis score for each test i

Y

performed on each variable .
» . :
The chi-square approximation regults for differences
in the frequency of occurrence and- Bize at oeaification of
tbd’merietic variables~between extrueion groups are
summarized in Table 14. The significance of the individual
Kruakai-Wallie tests for eadh variable is indicated ‘
iAg;aphically in Figs. 36-69. Plotting of the 1ength.intervel
means of meristic variables is done fof;eaee.of graphical

" presentation eliminating the,neeq for extensive and
. . : - .

N cumberseme histograms or bar charts. Their usage does not
imply any‘atieticel maning or validity. Neither the chi-
”square nor Kruskal-Wallia teete uped are parametri; ‘
statietics. ) _ Y
| The elements of the doraal fin ( DOR - spines + rays.) .
.first appeared in Group 2 lervae atglz ﬁm (- Fig. 36 ) but
did not appeer in: Grougki until 14 mm. The number of dorsal
-.'fin elements had stabilized at 29-30 elements in both .*

e;trueion groups_by.%;;mm. when they first'appent,-elemente

a

" ' of the. dorsal fin are undifferentiated into epinesfend'feys;’

'}.ii"so, ‘with increeaing siie, the number pfedqrsa].\pinen

~ihereaeee with the additional formation of spines anteriorly

. ! 4
anqhy,ie the number of individual Kruskal-Wallis j:sts
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Summary of Chi-square approximation statistics -

for serial Kruskal-Wallis tests on meristic
variables comparing redfish in extrusion groups

1l and 2, 1980 and lwbined.
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90a
r
. .
Variable . DF x? Prob > y2
Fin rays and ;pines
DOR 18 55.68 - 0.001
ANSP 12 46.13 0.001
" ARAY 20 67.01 0.001.
PEC’ .26, 103.95 0,001
PELS 8 43.67 '0.001
PE#R; 10 46,22 0.001
o SPRIN 16 ©115.19 -0.001 .
- SPROC 22 81.74 0.001
. IPRIN 14 © 68,31 0.001,
. 1PROC 24 105.57 0.001
Head ‘.Spinés: | " 4 ‘
T W 14 54.66. 0.001
PR 10 29.59 0.005
PPl 8 9,80 N.8. ~
..t PP2 14 © 54,53 © 0,001
| PP3 14 72.30 0.001
PP4 14 .. 60,03 9.001
PP5 10, . 14.5 N.8.
" APl 12y 3 15.;1.-' N.S.
AP2 14 ' e6.52 0.001
‘ f .
. " ~
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R Variable DF x2 srob,) x2
AP3: ., 18 45.22 0.001
AP4 14 58.37 0.001
T 8P 16 71.44 ‘0.001
.
IP 12 40.62 - 0.001
. 8CL 14 42.19 0.001
PTS . 10 58,33 0.001
INLL 12 31,01 ° 0.005
iz’ 6 10.23 N.5.
IN3 10 . . B8.94 N.S.
SUB1 ‘12  42.44 0.001
4 sus2 14 ' 29.26 0.020
® - POC 12 45.19 0.001
(,v" R .
N NA 12 33.58 0.001
= ‘ ‘
PTI 4 &s.pg N.S.
Other variables: .
y FLEX 14 9411 0,001 -
BR - 26 131.56 0,001
GRAKL '_ée 121.36 "&.001 ‘
- GRAKU <22 93.11 © T 0.001
MYOM 18 27.35 N.S.
ANMYOM 18 59,42 0.001
A VERT 22 87.28 £ 0.001
« - . ;
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Mean number of dorsal rays and spines

combined, and total length in one milli- . '; L

meter intervals for redfish' larvae of
extrusion .groups 1 and 2 1980 and 1981
combined.,
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in one Willimeter intervals for redfish

Mean nﬁmber‘of’anhl spines and tothl,lehgth
larvae Of extrusion groups 1 ar 2, 1980

anq\:sal combined. A ) R ‘ \’
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to about 18-20 mm. The most posterior of the dorsal fin ray
4
elements are also late to form and the last ray is d1v1ded

i ' -at its baee. Where 'spinee and rays abut each other, the
posteriormoet splnes form £rom differentiation of rays at

l
in both extrusion groups.

Anal spmes ( Fig.-37 ) and rays (" Fig. . 38 ) fltBt .
. : -~
"appeared in Group 2 larvae at ll mm. compared to 14 mm in ’

e — e .

Group 1. At firet,-—spinee and raye are und:.fferentiated but,

Al 4

as development ,Qroceede, the first two spines can be

-diBtinguiehed. The rays neareet the epines form - firet w‘th

last. Differentiation of the third element of the anal fin
'into a spine occurs around 16 mm in Group I and 15. " mm in
Group 2. Most 1arvae in both extrusion groups ‘had” also
’reached ‘the adult complement of 7-10 anal fin rays at thie .
'\e\ize as well. 'I'he adult complement of rays ranged from 8—10
o in Group 1 larvae and 7-10 in Group 2 la}rvae. A chi-square .
‘ B . test to compare differences in the adult compquent of .anal
| ‘ . - fin rays between the two extrusion groupe was not
-eignificant { Prob. > O 05 ). However, larvae with complete
anal fin ray counts of * were found‘ only in_ Group _2. '

Pectoral fin rays were preeent in aome Group- 2 larua‘e@

at 8. mm but d’id not appear until 10 mn in Group L Fig.

\t

'39 ). The firet occurrence of pectoral raye as certileginoue‘ '

n

!
| g
B R structuree and their subsequent oeeificetion proaeede 'from
| ' : .
!

_the poeteriormost ray, which is "divided at ite base, , forming-

s

3
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Figﬁre'3$f/

Figﬁre 39.

‘,and 1981 combine
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Mean num;zzsé 11 rays and total length

in one millime S intervals for redfish
larvae of. extru afn groups 1 and 2, 1980

S

T ( ' ! .
Mean- Humber‘pf peéééral rays and ﬁohal
length in one nmillimeter intervals for

- redfigh larvae of extrusion groups 1 and 2;'

1980 and 1981 combined.
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the uppermost rays veﬁgrally to the ventral fin margin. The
adult complemeng,of l9-20 pectoral fin rays was. reached in

all Group 2 larvae by 15 mm anlerouéxl larvae by 18 mm. A

dhi-square test comparing thevadult‘spmplement of pectaral

L T :
rays between extrusicn groups was not significant ( Prob. >

 0.05 ). ' . ‘ LY

Douelopment:or elements -of the pelvlc fin ( Pigs. 40 . -
and 41 ) also began’ earlier -in Groué 2 laryﬁéﬁtBbth pelvic’
splnos aug'rayg first occurreq at ll m iu_Grouo i larvae
but weie delayed unrii 14 mu in Group 1. All larvae Bf'both:
extruslon groups had the - adultwcomplement of one pelv1c
spine‘by 15 mm., All Group Zolarvae hgd the adult complement
of 5 pelvic rays at 15 mm but this.was-dalayed in Group lT'J
until 16 mm. d | o

Both ouperior and inferior“prinecip l,eieueuts<ff the

caudal fin appeared at -7 mm in.Group 2 larvae but 4 uot

\ apgear'until 9 mm in'Group 1 ( Figs. 42 and 43~)_ The adplt

. comﬁiement of 8 sugprior principal caudal rays was raached

in all Group 2 larvae by 14 mm and all Group 1 larvae by 15.

mm. The'adult comélémont‘of 7 inferior-principal caudal rayé

.was reached in Group.2. at 13 mm and in all Group 1 larvae “at. .,

»

.14 mm. In both extrusion .groups, developme t and

'ossificatlon of the inferior elementg seemog to precede the

~.
)

_superior elements. First occurrence as cartilaginous

structures and subshquent.osslfioation of the auporior '

[ S S
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Figure 40.-

4

.AFiéuxe 41.

95

W,

’ " ' ' e
Mean number of pelvic spines and total
length in one millimeter intervals for

redfigh larvae of extrusion groups 1 and.

2, '1980 and- 1981 .combined.

Mean nﬁmberadf pelvic rays and tdtal

length in one millimeter intervals for
redfish larvae of extrusion groups 1
and 2, 1980 and 1981 combined.
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Fiqure 42. Mean \superlor pr1nc1pal cgudal rays and. ’
total length in one millimeter z.ntervalé ,
~ for redfish larvae 'of extrusion groups lr"l BRI
" and 2, 1980 and 1981 comb:.ned. . SN 3
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Figure' 43. Mean inferior principal caudal ’ ‘rays. and ’ i
‘ : . total length in one millimeter intervals\ . |
for redfish larvae of extrusion groupa 1 Cé .
and 2, 1980 a.nd 1981 combined. ' y e,
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principal caudal rays started witﬁ the most ventralkraya
v and prgieeded dorsally while the inferior princlpal caudal

LI
rays'started with the most dor‘al and proceéded ventrally.

'Tmi_ﬁ : Inferior secondary elements of the caudal f1n appeared-

before theﬁguperior secondary elements in both extrusion
™ >

groups. Infe{\pr secondajy caudal rays appeared at 9 mm in

Group:z larvae\but were delayed until 11 mm in Group 1. The
D ] - . i .

The adult complement of sqperlor eecon ary . caudal rays was

"also not reached in both extruslon groups by 20 mm ( Figs. <

e 44 and 45 ). The first occurrence ag’ cartllag- inous

structures and subaequent oaaiflcation of

secondary rays
. . . r

waa from dorsal’ to ventral for the inferior rays ‘ d from

-

ventral to dorsal for the superior rays. ‘ ."_' S
Noto hord flé*ion, which is. associated-with
deyelop ( of the hypural elements of the caudal fin, first
roéguzred/zt 8 mm in Group 2 larvag bnt wag delayed until 10 -
‘ wm in Group 1 ( Fig. 46 ). Larvae in various’intermediate' ‘
) stages of completion of notochord flexion were fodnd in am.
" le‘gth" intervals from 8-13 mm in Group 2 and 10-14 wm in

Group 1. All Group 2 laryaq had cqmpleted notochord flexion-'

e

L bﬁ 14 mn'fn-Group 2 and 15 mm in Group 1l.

™
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Mean supérior secondary caudal rays and
total length in one millimeter "intervals
for redfish larvae of extrusion groups l
‘aﬁd 2, 1980 and 1981 combined. '
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Mean inferior. aacondary caudal rays and
total length in one millimeter: intervals:
for redfish larvae of extrusionegroups 1 ¢ .
and 2, 1980 and 1981 combiped.’ o
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Figure 46. Mean state,0f flexion of the notochord
and total length in one millimeter
intervals for redfish larvae of extrusion
groups 1 and 2, 1980 and 1981 combined.
( flexion state 7 is pre-flexion, 8 is

in-flexion and 9 is post-flexion)
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Figure 417. ~Mean number of brachioategal rays and :
total-length in one millimeter .intervals
for redfish larvae of extrusion groups

R | and 2, 1980 and 1981 combined. SRR B
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Brachiostegal rays first, ocourred at 7 mm .in Group 2
larvae*and at 9 mm in Group 1 ¢ AF:I.g. a7 ).. The adult
complement of 7-8 brachioetegal ra}e was reached in all
Group 2 larvae at 14 mm and ar Group 1 larvae at 15 mm. /~- N
Fewer than 2% of all larvae from both extrue:l.on gjroups had 8
brachiostegal rays as- the adult complement. o - }

\Glll rakere of the lower arm of the firet g111 arch
( Fig. 48 ) first: appeared in 7 mm larvae from Group 2 and 9

mm larvae from Group 1. The number of gill rekere on the

lower arm of the gill arch h!d still not stabilized by 20

 mm. Gill rakere did not appear on the upper arm of the firet

gJ.ll arch uatdl ‘10 mm in Gxoup 2 larvae and 12 mm in Group 1

larvae ;_( Fig. 49 ). By 20 mm, larvde in both extrueion

. group'sf had 21-24 'lo'wer.gi],.l nrak_er_:e and 6-9 upper g:i,],.l»

.rakers.

. A

Vertebrae firei began forming at 10 m .in Group 2 -

1arvae and 12 mm in Group 1 { Fig. 50 ') .H All larvee in Groupf
"2 had reached the adult complement of 29- 31 vertebrae by 15 o
nm but Group 1. larvae did not al?il. reach the adult complement‘
until 17 mn. Larvae w:l.th adult complements of 29 30, and 31

S

vertebrae were found - 1n both extrueion groupe. A c'hi-squere

: teet comparing differences in frequency of occurrence of

»

" adult vertebral " counte between extrueion groupe was not

3

aignyicant(prob.>005) SR ~-4*~_ .-

Body myomeres in both extrueion groups ranged from 29-
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Mean humbei: of upper'gill rakers on the
first gill arch and total length in one
millimeter i.ntervala for redfish larvae
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B _ - "of extrusion groups - 1 ,and 2, 1980 a.nd B
1 . . 1981. Conbined.
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N Figure 50.\\ fean number of vertebrae - and total length .
‘ .in one millimeter intervals for redfish . ;
{ = "Larvae of extrusion groups 1 and 2, 1980 -
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32. A chi-square test comparing differences in frequency

_ between the two ext_rusion groups was not significant ( Prob. -

>0.05 ). However, the extrusion groups did differ in number

of post-anal myomeres. Group 1 1arvae consistently had more
~

poat—anal myomeres at corresponding lengths ‘than did Group 2!
larvae ( Fig. 51 ). Counts' of post—anal mypmeres were only
done for larvse less thsn 15 nm‘\n length. The statistically
fewer _dost~anal myomeres in Group 2 larvae appears to be a , '

By

consequence of their greater "snout to a.nus length r,ather

1

than. to any. differences in total body myomerea because there :

is no significant difference between the, ,total myomere ,_

counts of both extrusion groups.

Head spine development and ossification was - . .

signific&ntly- different for all but 6-spinesz t‘he first and

v -

“fifth posterior preoperculars, the first anterior

*

preopercule.r, the second infraorbital of the first series,
the s:.ngle infraorbi‘\al of the third series, and the

.inferior poettemporn’l. lGenera]-.l.y spines in, Group .2 lerva_e'
appeered earlier and’ subse'quently ossified earlier than in

Group 1. As the results summarized in Table 13 show, the

, .

SN earlier oasification and development of the spines in Group- . °

* T
L2 larvae is statistically significant for most apines. Thi
/

' relat:.ve sequence of first occurrence of various spines
found in- redfish lnrvne is summarized foraboth ex‘trusion

groupa in Table 15. B A o
Sy 7.
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millimeter intervals.for redfish larvae of .
,extruaion groups 1. and" 2,

Figure 52. ' Mqan state of ossif:l.cation development of

thé nuchal .spine: an@’ total length in-one

11980 and. 1981°. R
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The nuchal spine ( Fig. 52 ) first appears as a P S .

o

L cartilaginous spine \at 8 mm in Group 2 larvae and 9 . in
%

-Grou‘p 1. All Group 2 1arvae have comﬂetely ossified nuchal ;
spines by 15 mm and 411 Group 1- ~1arvae-_haye .ossyied nuchall l
spines by 16 M(s SR T ",' l . .". . ‘ .%

~ ~  The parietal spirie ( Pig. :53 ) which is located .
immed:.ately adjace.t to- the nuchal is relatively later ."4 e -

developing. It first occurs in Group 2 Iarvae at 1_2 mn_ and

¥
L]

X . S '
" in Group 1 larvae .at 14 mm. Of the twd spines, the nuchal is -

© e AL Sk e s ek e

“the larger, and movt prominent. All iarvae from both

. extrusio:i groups have ossffi'ed parietal spines by 16 rm.

. Spines of the posterior preopercular series are among - .
' t‘he first head spines to appear. The second and d\ird ‘ - I_-»

' posterior preopercular spines first appear in Group 2 larvae

! :ﬁut 7 mm-{ Figs. 54 and 58 ) while the fourth post.erior.
. .

:\\p’reopercul“qr spine forms shortly thereafter at 8 mm ( Fig. N

56 )« In Group 1, all three of these spines first appear at
. -

9 mm. The first and fifth posteri‘or praeopércular spines 'iro g
comparatively much later forming. The first posterior

L]

‘ ‘preopercular spine firat occul at 13 mm agd 14 mm for

o .

Groups 2 and 1 respootively. The fifth posterior preoper-

cular spine first .nppeara at 13 mm vand 15 mm for Groups 2

3

and 1 resppctively.

- The seéond. third, and fourth posterior preopercular

-

péno‘ are ouiﬂod in all Group 2 1arvao ‘by 14 mm uith t'ho
L . l ) p) -




v ! : - B

4 , r ,"‘AIS '

i @

] ' e ' :
i ' \‘rigure 53. ' Mean state of oaaification development of

R LR L .-’ the parietal spine and total length-in one - ]
s T ' . millimeter intervals for redfish larvae of = . .
t ST . extrusion groups 1 and 2, 19 Oﬂqnd 1981. '
i o "."+. combined. 1 is spine absent; 2. is spine . :
. -pregent but cartilaginous, and ‘3. is spine ' s

i . L cwaified. o - ) _ . B
l . + o K o .

) - i
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S Figure 54. Mean state of ossification. dovelopmentuof
: . .. ' the’' second posterior preopercular. gspine .
~. .~ ' -and total .length in one millimetefﬁipﬁbrvals

. .for redfish larvae ‘'of extrusion groups 1
. .andi2, 1980. and 1981 combined. 1 is spine

.+ absent, 2 is spine prasent but cartilaginoun, o
“and 3 is spine ossified. .
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"figﬁre 55, ' ‘Mean, state of ossification chelopment of .;#]%
o L the third posterior precpercular spine o .
and total length for redfish larvae of .
) extrusion groups 1 and 2, 1980 and 1981 ‘
p combined. 1 is spine absent;;2 is spine.
’ présent but cartilaginous, and 3 is apine
ossified. Co . .
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L first and fifth posterior preoperculars ossified at - 15 mm

\.

and 17 num respectively. In’ Group 1 the third posterior_

preOpercular spine is ossified in all larvae at 12 mm, the:

' second posterior preopercular by 13 mm, ghe fourth posterior

preopercﬁlar by 15 mm. the fert posteriorrpreoperculer by

16 mm, and the fifth trailing at 17 mm. The sequence of
0

N

ossification of spines of the posterior preopercular series L

- is 3 2—4 1-5. Differences in frequency of occurrence and

‘-size at oesification of the first and fifth posterior

' groups.

~

preopercular spines are not significant between extrusion~

- ‘ . -. .‘ "h

5pines of the anterior preopercular series elso form
early. The second anterior preopercular spine is the first ‘

»
of .the series to form- in either extrusiOn group ( Fig. 57 ).

[ 3 - ;

It eppeers in Group 2, 1srvae at 7 mm and Group 1 1arvee at 9

.59 ). The first enterion preoperculer spine frrst appears .

f..

mm. The fourth enterior preoperculer spine apgears shortly
thereafter at 8 mm and 9 'mm in Groups 2 and 1’ respectively
“( Pig. 58 ). The third anterior preopercular spine forms ;

next at 9 mm anﬂ 11 ‘mmn in Groups 2 and 1 respectively ( Fig.

,l

‘:mudh letsr at’ 16 mm and 17 mm for Groups 2 &nd 1 . ;'?‘

.respectively‘ R . e

The second and fourth anterior prsoperculars ere

f e

-

’ wossified in ‘all. Group 2 1srvee by 14 mm, ths third st 16 mm, -

:end the first is not ossified in all lervae'by 20 mn. In
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Figure 577 Medn state of ossification’ development of
.+ the second anterlor preopercular spine .and. |
“total -length in one pillimeter interyals £or
. redfish larvae of extnusion groups 1
""and. 2, 1980 and 1981 éombined. 1 is -
spine absent, 2 is spine present but '
cartilaginous, and 3 ia apine ossified.
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Figure 58( Mean stato of oasification development of ;
> " the fourth. anterior preopercular spine - ¢
+ and total length in :one millimeter intervals -
. for .redfish larvae of extrusion groups
L 1 and 2, 1980 and 1981 combined. 1 is spine’
o "absent, :2 is spine preqent but cartilaginous L
_ and 3 15 lpine ossified. - ,
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Group 1, ossificatibn of the second anterior preopercular

spine is complete for all”™ larvae by 14 mm. The third “is o

/
'complete by 16 mm and ossification of the fourth is complete

by 15 mm. Ossification of the first anterior _Preopercular

—
spine is §\i11 not.- complete in all Group l larvae by 20° mm. ; -
~ “' - .
The frequenfy of occurrence and size at ossification of\the T
fffbt anterior preopercular spine is\\ot significantly :f' *\;.
RN i ot Tl

different between extrusion groups. The sequence of o

ogsiflcation of the anterior,preopercular spines'is 2-4-3-1."

) \ ] A4

Inﬂsgzzarison to the posterior'preopercular'series, the "

anterior’ serigs spines are much less‘prominent. ‘
. ‘ e [
"The two spines in\the opefcular,series, the eppg;ior

and inferior 0percu1ars, begin- formation later than the

spines of-the preopercular series ( Figs.'GO and 61 ) The

first to appear, the superior opercular, \\found in some

Group 2 larvae at 10 mm but does not. occur in Group\l until
N

12 mm. All Group 2 larvae’ have ossified superior operculars
by 15 mm‘but all Group 1’ larvae do not have ossified T
zsuperior operculars until 18 ‘mm. The ipferior opercular does’

not first occur in Group 3 larvae until 12 mm and in Group 1

larvae at, 14 mn. All Group 2 larvae have ossified 1nferior

‘ operculars by 17 mm and all Group 1 larvae by 18 . mn. .'- .

‘ The-pter ( Fig. 62 ). also one of the first spines

fifat occurs in Group 2' larvae at 7 mm and Group 1

larvae at 9,mmﬂ All larvae navs ossified pterotic spines by
\ R .- 0" Lo ! .
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o »groupe. the superior Josttemporal occurs-at 11 mm ( Fig.

-

ot

’

L : LI o

A lﬁ‘mm-in‘Group i'and 15 mm in Group 2, 'one of thé‘few B

instances ‘of. ossification of a head spine occurring earlier \
4n Group 1 rather than Group 2 larvae. B

The eupraoleithrabfspine ( Fig. 63 ). forms relatiVely .

late in redfish larvae. In- both extrusiou groups, the - , t.:

. supracleithral spine doej not occurruntil 14 mm;an& all

.- s . .
larvae _of both extrusion groups haVe not completed ossifi-
1 T - . Y P
cation of the supracleithrdr‘spine by 20 ‘mm. e

The poettemporal{series includes two epines, the't

RN
superior and inferior‘posttemporal. In bo%h extrusion ',;g

64 ). Rlb Group 2 lar ae haVe ossified superior posttemporal
spines by 15 m and Group 1 larvae by - 16 nm' The’ status of .
the inferior posttemporal epiqe in larval redfish is

unclear. It first occurs in : isolated individuals in Group. 1.

“¥

at 15 mm’ end Group 2_ at_ll_mmr_lt is not_found in—large;
l ¥
individuals in either of the two extrusion groups.

i Comparison of the frequency of occurrence and size ‘at
oesification of the. spines of the infraorbital series
indicates only the first-infraorbital spine of the firet

series differs significantly between extrusion groups

( Table 14 ) In Group 2 larvae, this spine first: appeare at =

.12 mm.- All Group 2 larvae ‘have completed oesificstion of the
first infraorbital, first——series by 16 _mm and all larvae of

Group 1 by 17 mn ( Fig. 65, ) I

.t

T
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3seriee and. not eignificantly different between

infraorbital aeties ie uncertain. These spines only occurred

The status .of, the-two¥3pinea of the secbnd,

id a single individual at 21 mm. ' The SLngle spine of the -

third infraorbital eeries first occurred\iﬂ Grou 2 larvae ‘f

at 17 mm.® Neither extrueion group had - completed oseificetion’

of thia spine by 20 m. The frequency of occurr nce and eize,,'

_at oeSLfication of ‘the spine of the third infraorbital

.groupea'

There are two spines found on the suborb

*

+
l

)extrusion

N
ital in

) J
' redfish 1arvae. The first suborbital, the more pr?ginent ‘of |

P

the two, first appears at ‘1l - mm in Group 2 and 12

Grgug 1 ( Fig. 66 .). All Group 2. larvae'have oasified figst '

suborbital lpines at 15 mn - while all Group 1 lary. e“d?‘not a

\ ' have ossified first euborbital spinea until 17 mm The

T \-

fk suhorhital spine in both- extrusion groups. In

' roup 2, it

.firet appears at 14 mm and in Group 1 at .15 mm ( Fig. 67 ).

.if, second euborbital spine firet appeare later tha Ehe first .

'All Group 2 larvae have ossified second’ euborbital epines QY

L

glarvae‘but are relatively late forming.-Neither spine

18 um.end all Group” 1 larvae by 20 mm.

ioccurg until after 21 -mm. Due to~1ack"of aufftpient*ff””'“'“” -

b

Preocular and supraocular spines also occur in redfieh

)

T

-

,ﬁepeci@ena in both extrusion groups at this large size, no

'|comparisons of their fraquency of occurrence and size at ///’

|
|

¥

o o,
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ophore; on the body and ,several a) eas- of "the head were

et ~ventra1 body pigm nt lines, tpe sh pe &nd pattérn of melan—‘“

. - s [}
. -‘,r-,;- ' noted. Melanophore paTterns on t}/e body ‘and . head p:euld be

" * ’ grouped into a few categories i small lar'Vae but, in 'J.arvae '_
‘ g approximately 9 mm qr larger, he increasing -tendency i '
towards heavier pigment,ation er t‘h entire pody surface S !
rtended to obseure the original pattins.. " '
. | As with the morphometri '8 and meristics, pigmentation
| differences were associated » th extrusion time. The '_n ok .—
oo " observsd differem{@g were, co pared ~gimilarly, to 'the e ’ \
Nale o'/',' oo e N
DA | Lo
e ' . . ’ .

, A .\, '.‘;. ‘ o . ',. - ‘
e - ¢ { R A e S N N -~
. B ; ‘ ot \4 R ’ ! :
Y . ‘ ", . R 4 \ .,l. ' :.' -.
' T A et 4
N » R . 'f. N l, .
’ . a \ PR PRI ¢
ossification ‘were possible. £ TS R
\ " ) N
» . In contrast, the postocular sp *ne ( Fig.’ 68\)‘ 'occurs \ Vel
Lew . O &
quite ear'ly. In Group 2, t‘ne postocular spine f:l.rst ,-appears '.,"\- . "‘“-‘
: at 8 nm and in Group 1. at g mm . In lpth extrusion groups, '1‘"' :
e H 3 © 1
’ ' all specimens had ossified postocular'spines by 15 mm., v t
: B
’I’he single nasal spine ( Fig. -6( ) first ogcurs in - R
et Group 2 larvae at 15 mm, and in Groﬁp lflarVae at 18 nnn. -:-' Mo
e either : trusion qroup had a11 indiv duals with. ossified ':". .
P . ' . I' ) ..‘.‘
. k": sal spi es by 20 mm. The nasal spi‘h is sma11\ and" A
. . Y., T : .,
incoixsm'puous {n- even t'he largest lar;wae exanfined. e : :‘
L T T e
o }_:'.-:‘i-'IlI-."B;A. Pigmentation :  ; AT . o !
s ."":" _.',,“‘- ,.F.\'. ) _‘ [ - b, * -‘.."'“'-',"\l ., . :!,.-5.' !
S \ o v A\
' . Pigment’ation patterns were al o evaluated as possib L %
species identifiuation criteria. e extent 6f dorsal and X .!"
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m7ice. Table 16 summarizes the chi-—square stati\stice* f,c‘;{'

serjal Kruskal—-Wa.llie tests on dorsal and ventral body

melanophore patterns. Serial tests on each one millimet\er :

‘length interval per variable werex.ng,_ceeeitated by the extent

AN

of changes‘in amount and shape of- the melanophoree ‘with ‘
increasing length within each extruaiOn group. ,

-

.' A

Pigmentation on the dorsum coneiste of a line of mel-
Bometimee separate and distinct from, each other

su%etantially merged to form a long band 'I'he

number' of melanophores combined ,into the band. coneequently '

e
'1

cannot be determined. In. newly extruded 1arvae from 6-8 m,'

the doreal body pigment starte on body myomeres 10—-14 but -, ,

most freclluently OL omeree 15 18 in Group l In Group 2, .
the dore-al line starte on: myomeres 5-28 but moet commonly on
myomeres 12 15 Within the same length intervel the doreal

. boay pigment extende further antericrly :m Group 2 1arvae

compared to Group l larvae ( Fig. 70 )e \'I'here wae no

significant difference between extrusion grdups on -which . '::*_. .

myoh\ere the doreal pigment ended posteri{orly. Coneequently,
the total lengt‘h of the pigment band wast longer, at .

comparable larval 1engths,- in Group,z than.Group,l “larvae ¢

(Fig. i) -::fa R R T

Lnrvae 6-8 ‘mm in ‘lengt“h from the two extrusion groups

P

also ﬁiffered in the tendency 'for the melanophores to merge

into a band. In group 1,‘97% of all larvae had more’ than S
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_Figure 72. -

' Appendix A for description of 'p
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Mean length of the melanophore band on
§e dorsum in numbers of body myomeres and '
total length in one millimeter intervals '

‘for redfish larvae of extrision groups 1

and .2, 1980 and 1981 combined.

Per cent frequency of occurrence of pigmen--
tation types on _'(Qf.'h,e dorsum in redfish larvae:
under 9 mm total’ length of extrusion groups
1 and 2, 1980:and 1981 combined. ( see =
ent types ) -
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half 6% the length of the dorsal m‘elanophore pattern
composed of merged melanophores ( Flg. 72 ). Only "3% had a

melanophore pattern of all or nearly all distinct, spatially ~

. * )

,separate melanophores. In Group 2, only 60%. of 6-8 mm larvae

had more than half the melanophores merged :Lnto a band. A

Te= [ 3

further 30% of Group 2 larvae had a pattern of all separate

melanpphore:s. Additionally, the. mmber of me‘.lanopliores"in

these individuals withAallv spatially e_eparate melanophor_ee

-seerned to be very- much reduced. 'I'his difference in. frequency '

. of occurrence of the different. melanop'hore patterns, tested

by chi-square, is atatiet:.cally Bignificant ( 12 = 36 44,

_Prob. . > y? = 0, 001 ). As larvae grow, the dorsal

'melanophores spread anter:l.orly and laterail’y over "the dorsum

in Yoth extrusion groups and differencea in their pigment

patterne tend to become obecured.

- In Jhewly extruded larvae of 6-8 “mm, the ventral body

p:.gmentation also usually consists of - a group of

.melanophoree Joined into a ﬁand. The wventral body pigme‘t

. band tends to start slightly more anteriorly in Group 2

rather than Group 1 *larvae ( Fig. 73 )., This. is ei]_.ao'true of
- . ) é

‘th.e posterior end of the ‘ventral band ( Fig. 74 ).~ However,

t}"i_e length of the pigment band is not signifi'cent.ly

di fferent between extrusion groups. As larvae grow, the

C.

anteriormost melanophores of the ventral band tend to'becqme

AL Ml § A i i 2 S bt T
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;¥ Figure 73. dean anterior starting body nyomere ’for the
: - melanophore band on the ventrum and total
\ . length in one millimeter intervals for.
B o . . redfish larvae of extrusion- grpups I and 2,
) . 1980 and 1981 combined, '
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Figure 74. ‘Mean post.erior ending body myomere for the
A melanophore band on' the ventrum and total
. s length in one millimeter intervals for
: redfish larvae of extrusion groups 1l and.2,
N 1980 and 198l comhined. ’ .
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The form’ of the ventral body melanophores differs
between 6—8 mm larvae of both extrusion groups (‘.Fig. 75 ).

Both extrusion droups had approximately the same frequency

of occurrence of larvae with contréctgd and spatially

distirnct mélaﬁophores on the ventrum ( 20% for Group 1, 22%°

for Group 2 ‘)_ and both extrusion groups.h'a'd approximaéely

. the same freguency of océurrence of expanded melanophores

~

on the ventrum { 80% for Group 1, 78% for Group 2, )

' ;‘However. in Group 1 there was a higher frequency of larVae

with expanded but still spat:.ally distinct melanophores
( 27% ) than in Group 2- ( 9% ). In the- remainder of both

extrusion groups, the expanded melanophores were merged into

3 AL

a continuous band. ’I'he dilfférences in the’ shape of the
melanophore pattern on the ventrum are statistically

signi ficant ( 42 = 31.70, Prob. > 2 =-0.001 ). Like the

" dorsal body pigment, the differencaa in pattern of Ventral

\
body pigme\tation between extrusion groups tends ‘to be

obscured in larger- larvae by the increasing overall pJ,gmen-

. tation laterally over the body.

Melano;_ihore patterns on the dorsal éurfaqe' over the

" brain differed between 6-8 mm larvae in . the two extrusion

groups { Fig. 76 ). In Group 1,-50% of all larvae had a

¥

pattexrn of diffuse pigment; with no distinct, separate
. . . - » .
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Figure 75—1**1’61: cent frequency of occurrence of pigmen-
‘if,ff‘tat:l.on types on the ventrum in -redfish larvae
Junder 9 mm total length of extrusion groups
1 and .2, 1980 and 1981 combined. ( see -
Appendix A for description of pigment types )

4,

Pigure 76. Per cent frequency of occurrence of pigmen-—
~ tation types on the dorsal surface over- the
brain in redfish larvae under 9 fmm total
length of extrusion groups 1 and 2, 1980 and .
‘1981 combined. ( see Appendix A fof: deacription
of pigmant. types )
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o Group 1 17%‘) or had diffuse, amorphous pigment (

Cew. -

melanophores identifia‘ble. A furgpgr 46% had m,stly diffuse R P
pigment but with a f+ s,eparate melanophoreh as. well. The- . »

repaining 4% had a p%ttern of distinct melanophores partly

merged into a cap ax/md partly separate. In Group 2, only 6% ¢
~ [
had all dkffuse pigment while 53% had mostly diffusé pigment )

% G
.

7 SRR

< w:.t.h some di_gtinqt melanophores J.ncluded. A fu:r.(ther 10% ‘had &

-all distinct melanophores/{oined to form a solid cap and the ._ ..

remaining 30% had mostfy distinct melanophores mefg into A
by I\Jt ‘ ..
L N L

thesfe differshces are statisticaLly significant.

[ S

b

- cap but accompan ed by diffuse pigment as well. Tésted

. chi-sguare,

- - ,( 12 =11, 36., P ob. > x2 " 0 02 f Only larvae 6-8 mm_ were
l ‘g
incluaded in thls analysis because of changgs in- pigmentation_

.within éxtrusion groups ~due to development. : : ' e
Ny * ' ) ) . .‘

Eigment patterns on the dorsal surface of the T, . -

a

interorbital space were also found to. differ in 6-8.

4 -

pat ern 1n both extrusion groups w s a complete absenoe of 3

/

tnt in t‘he interorbital space. In Group 1, 94% of a.ll

lai‘\i e had no interorbital pigment while - 74% of Group 2 “ S ;7
larvae had none. In Group ‘1, th\ remai'ning 6% had spatially © ’
distinct melanophores resembling those found on the dorsal - . _ 5
.'surface ovex the Jbrain. In Group 2, however, t‘n,e‘ ren)aining |

larvae either had spatially disti.nct. melanophores similar to,

p -‘%.)..‘--QD\ P2
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' Figur_e ‘1,7.,‘ Per cent frequency of . occurrence of plgmen-

tation types on the dorsal surface of the
. interorbital space in redfish larvae under 9
»mm total length of extrusion groups-l and 2,

- .1 - +1980 and 1981 combined. ( _pea Appendix A for '

"descrip’tion of pigmem; types
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Figure 78. Per cent frequency of occurrence of pigmen~ -
’ : -+ .tation types on the nape in redfish larvae
© 7 7., under’' 9 mm’ total length of ‘extrusion groups 1
- . and 2; 1980 apd 1981 combined. ( see Appendix
) MA for descript:lbn of pigment types ) °
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_‘single melanophore but two=or three sometimes occurred. Both . ”,
r{'extrusion groups had similar frequencies of occurrence of .
the expanded melanophores ( 34% ‘for Grbup 1,

.,r_ 2 ) and the - contracted melanophores ( 19% for Group 1, 20%

::Anearly reversed, Only 108, of Group 2 larvae . had no- pigment
‘between extrusiun groups were statistically significent

(. xz'= 16. 04 Prob. > 2

.included ‘in this enalysisn

' phOres also veried between extrusion groups ( Fig. 79. ). In
Group‘l, BZQ.had'nOfsub—caudel.meienophores with most of the

‘Treme

s

' t
¢ ¢

melanophore patterns wereistatisticelly significant ( 4?2 =
8.84, Prob. > y2 = 0.0l ). , e '

' Pigmentation on the dorsal surface of the nape was
alsotexamined in 6-8 mm larvae of both extrusion groups. o f

Fig. 78 ). Usuallf, the pigment at the nape consisted of a

»” A A ) R

35% for Group-

P S
B

|
)
L

for Grbup 2 Y. However, the remaining Group 1 larvae usually -

:Ehad no pigment ( 38% ) while 9% had diffuse. amorphous

Ji

plgment. In Group 2, these latter two frquenciesfwere

i

while 35% had diffuse, amorphous pigment..These differences - ‘{‘

= Q. 001 ), In both extrusion

groups, the pigment at’ the nape tends to become embedded
' . »

. wfth increasing size. No larvae with embedded pigment were

', ! * . . o0

' . .
e
B .
I ot .
. .

L Prior to the completion of notochord flexion, one or
more melanophores were’oftsq found below the caudal portion

of the notochord The number’ of these sub—caudal nelano- o

“

aifider having'only’afsingle suh4cauda1‘me1anophqre. In
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\Eéu e 79. ﬁ:; cent ‘frequency of occ\;frence of various
o : bers of sub-caudal melanophores in pre-
flexion and in-flexion redfish larvae of

’ “~_extrusion groups 1 and 2, 1980 and 1981
combined. s ' :
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]

contrast, Group 2 Iarvae.had a tendency towards iLore of

these melanophores. Only 41% of Group 2 la;vaé‘had no sub-:

caudal melefnophoiea, 24% had a single melanophore and 35%

had two or more sub—-caudal melanophores. Ro larvae in either

extrusion group had -more than four sub-caudal melanophoreS- .

T‘hese frequency differences between extru‘sion groups are . '
ﬁ\

statisticany significant ( r2 I==-95 65 ‘Prob: > y2 =

0 0001 ). Because of increasing pigmentation in ‘the caudal

area with increaaing size and the change in position of t.‘ne

———t

melanophores with notochord flexion, only pre—flexion and

in-flexion larvae' were included_ in t:m.s ana_lysis.
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i DISCUSSION
Z A. GROWTH "
e : ) . ,
. Larval redfish sagittae are relatively small in.

relation to body size compared to some other commercially
important'species, notably the gadoids,ﬁin the'Newfeundland

. varea. This size aspect, coupled with their flatﬁened shapes,

makes larval redfish sagxttae 1dea1 for ageing puxposes. No.

: aborious grindlng, polishing, or Bectioning is required in
e ".'" V1rtua11y all aagittae from: fiSh under 20 mm in’ 1engﬂh At

larger slzes, redfish sagittae become markedly-asymmetrlcal

I

o and the lateral Burface thickens, particularly in the focal
. area. Sagittae from such larvae wculd require extra
prepa;etion before}all_grow;h increments would become
QiscerﬁibLe. ‘ | '

Pre-extrusion larvae develop 2-6 Elngs on their
sagittae prior to extrusion. These are not regarded as true
growth increments because they typically do not completely
encircle the -sagitta. The zones of pre-extrusion rings and

: later post-extrueion incrementa are aeparated by a heavy

e - . check-1like ripg easily identifinble by its unusually dark,

- . thick slow-growth band preceeded by a light, fast—growth
band typical}y wider fhan‘eny-of the adjacent incfemeﬁte.
Thie‘heavyar;ng is believed to be the first daily increment

N

R .~
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and probably is laid down at extrusion. Subsequené

increments are believed to occur daily, provided the larvae

!

are actively growing. . i

The ‘exact time of anset of formation of p.e-extrusion
rings in redfish larvae is unknpwn. The duratio of larval

rssidence time in the adult’ body cavity from- haﬁching to

-extrusion haa been estimated to exceed 4 weeks ( Templeman

. and Sandeman 1959-) Because larvae normally have 2-6 rings

at extrusion, the periodicity of ring formntion may range on
tek '

the _order of one every 4-14 days or longer; assuming no
,rings are present at hatching. Nc pre—extrusion larvae were
_found with the heavy. check—-1like ring but even the smallest
post-extrusion larvae had this rinQ.'Check-like marks on
larval fish otoliths associated with an ahrupt‘change in
env1ronment have been found in other species (. Victor 1982 )
and the sudpen change from maternal'incubation to ext;usion
into the water wchha certainly-be a'iikeiy,bauso for check’

ffSrmation.

The period of extended parentallcare in the adult body ‘.

L . _" . 0 i
cavity in redfish is analagous to the post-hatch mouth-

‘,brooding of larval Tilapia mossambica in which the - first

daily increment'forms when.the larvae leaye the adult -
femaﬁﬂ s mouth ( Taubert and Coble 1977 ). Indeed, the only
harine species kffown to have first in rement formation

delayed afts?“they have bean relaadged into the water as

e L At ———t——

e e b bt S e

et o b e 4
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Bainbridge*and Cooper 1971 ) with residual extrusion

‘M . ,.- . ' SN .\" i 1l '

larvae are species such as English sole ( Laroche et al. .

1982 ) and anchovy ( Brothers et al. 1976 ) which hatch from

pelagic eggs as gmall larvae in a relatively early'staée of

/
development (-Brothers and McFarland 1981 }. In those
o .

species, first increment formation is delayed until yolk sac

absorption is complete.'By:comperison,jlarval redfish at ‘

extrusion are lerée,.active swimmers with onl§ a vestige of
yolk sag¢ r;;;ining. Additionally; other species, euch“as .
grunion ( Brothers et al. 1976 ) and tilapia K Tanaka et;al.
1981 ), known to begin formation of growth marks on their

otoliths prior to release into the. water, continued to form

3nily growth incrementa without delay after hatching into

. ~
Q

the water. - T e oo
Due to the failure of the 1aboratory rearing ’

experiments, evidence supporting the daily periodic1ty of a

increments after the heavy, chepk-like increment at

extrusion is also indirect. The time of most intense .‘ ’

extrusion on Flemish Cap is April and May (. Templeman 1976,

activity still occurring into July ( Barsukov and Zakharov

1972 ). The period of peak extrusion in 1980 and 1981 was “

estimated from 1ength frequency data to he the 1ad/¢week of -

April ( Anderon 1981L, M81982 ) Back-calculation to age - i

-zero -of the increment counts in larvae collected during late’

June to July isin agreement wi)ﬂﬂ:ggfbublinhedpnéta; Co ‘H£ =

. v
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The procédgre eatimatee April to early May as the period of

F

maximum extrusion activity ;ith 2 peak durin§ the last two
weeks in April and a decline throudh May with some residual
extrusion still occurring into July.

Regression-style linear and non—linear paraneter
estimation procedures, used to find the equations best
fitting the observed length at age and length at sagittal
radius data, indicated an excellent linear fit to the length
‘at age data while the length at eagittal radius data was

best f£it by a polynomial. Although the coefficiente of the

-sagittal radius squared terms arefrather.Small and introduce"

only slight . curvature to the line of best fit, Student 8 T
‘tests indicate the parameters are aignificantly different

from zero.
[ ]

The mean growth rate of larvae in 1981, estinated from

the length at ‘age regression equation, wag 0.109 mm per day, -
\ :
Only 68% of':;fzrzth\obsgived in 1980, 0,160 mm per day.

Larvae in 1981 were, on average, 0. 8 mm larger at extrusion

than‘;980 Eirvaa The estimated growth rate in 1980 compares

well with the estimate of 0. 146‘mm per day by Andarson
-( M81982 ) based on length frequency data from late May to

‘July. However, Anderson '8 qhtimate for 1981, 0.152 mm per

day, is mach higher then my estimate. This may be partially

'-due to the incluaion in-my eatimnte of growth in April and

early May, a perlod:of mueh\reduced growth rates.
e ‘ . v . .

[~




significantly different from theipredié:ed mean length at

13?

The obeerved lenoth et.age data indicated considerable
variation in ages among larvae in the same size groups.. Even
in small larv eifa difference in length of just one . :
millimeter could mean a difference of 'up ro three weeks in
age in 1980 and five weeks in 1981: Newly extruded ldrvae,
'captured on day of>ex£rueioo, ranged from 5.6-8.9 mm. This
'oide size range at extrosion,ie probably largely due to‘the
ovoviviparous nature of redfish reproduction and ooincident
long residehce time, after hatchihg{ whicﬁ tﬂe,larvae speod.
in the‘dﬂult female's bbdf. Beceuse of ‘the magnltude of this
Varlation, celculetions of growth rate, particularly for
amall lervae, based on the intercept of the length at age
regression elone, could be very misleadlng and prone to
,error; Incorporating an estimator based on the growth of
each individual larva helps alleviate this problem -and

allows back-calculation of 1nd1v;dual growth histories as .

well. The relulting optimal eetimate approximates the true

_.~lehgth at extrusion for each larva on an individu‘& basis:

The observed mean lengths at extrusion in 1980 and

1981, 7.46 mm and 8.38 mm respectively, are not -

extrusion based oojthe opéimal eptimation ﬁroceddre, @hmely

7.418 mm and '8.228 mn for 1980 and 1981 respectively. In

1980, mean length at‘extrueion increased steadily‘hith date

. .

e
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i
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. of extruaion'from a low of 6.86 mm for larvae extruded
1 f“‘\

|
during early Ap:fl to\a high of 7.96 mm for larvae extruded ‘

+ during the 1at€e§ pa;J of May. -In contrast, mean length at "/,“*J;Jy
extrusion 1p’IQ31 seemed to decline slightly froﬂ@early ;.
Aprll to late MJ&/but larvae extruded durzng the first week %'

' of June were larger than thofe eXtruded at any other timex %

Appagéntly; size at extrusion can be quite vafiaﬁﬂg in- -

:/%/ o redfien,fnot only from.year to year but within a single

extrision season as well. . - .

4 cL T Back-caléulated length at &ge data, ba ed on the .

: length at saglttal radius data anpd estlmated lengths .at
~  extrusion, clpsely agreed with the opserved length at age

- data. In l9814-redfi§h 1arvee'were, on'average, 1arﬂen than
1980 larvae of tne'same age until about 15 days of age. Due
to'the'hignet‘growﬁh rate of larvae in 1980, at all aues
greater than 15 days, larvae in 1980 were larger than 1981
‘larvae, at least for the first 110 days of,life.
Redfish la;:ae‘do not grow'at a uniform rate over the
entire larval period. In both 1980 and’ 1981, growth tended
v to be relativelyeelow for the" first 10-15 days post- '
extrusion. reﬂgtively hién from age 30-90, then slowing as
larvae entered the post-larval, pelagic’ juvenile stage. Mean

»

_ daily growth rates in 1980 ganged from.O. 143 mm per day. at

5 i et e~ e o

,; extrusion to 0.188' mm per day' by age 65, falling to 0.108. mm’

-y

o per day by age 110, Mean daily growth rate*in 1981 was much

!h - L L]
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~
slower than 1980 over the entire 1arval periocd ai}hough

greater growth/fates in the oldest post-larvae entering the -

v

pelagic Juveqile stage appeared to be comparable. Mean daily

growth in 1981}ranged from 0.089 mm per day at fextrusion to
0.139 mm per day at age 90 before declining to 0.112 mm per

2N - .

day by Qge 110.
' Expressed-as a per cent of total length, larval -

redfish growth in 1980 was. highest at 1.9% per day at

extrusion, fluctuating from 1 59 1 63% per day until age 30, o

then declining steadily to 0. 49% per day by age 110. In

ot

f1981, the pattern was somewhat different 1n that, although

-

growth slowed immediately following extrusion, growth

b

actually 1ncreased as a per cent of body length to peak at’

©1.16% per ddy at age 35. Thereafter, growth steadily

_early April and all-of May-dnderwentﬁdeclines-in gf%wth r;te"

declined as in 1980 to a low of 0.52% per -day by age 110.

Wlthln a single extrusion season; larvae extruded frbnf‘

early April to late May experienced variable growth » !
L ‘conditions as indicated by fluctuations in their growth
rates. In 1980, 1arvae extruded during most of April
(\Juliaﬁ-daye<1005119 ) did not’ experience any~darly post= N

extrusiqgtiecline in growth rate while'larvee‘extrnded in
ranging from 0.005 mm per day to 0.032 mm per day for the

first 10-15 days post-extrusion. In contrast, in 1981 only

laryeeeextrudedminfearly to mid May experienced early post-

ey . . - '|
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3 period“ was’ first applied to fish by two early French flSh

-culturiats, Fabre—Domergue.and BthrlX'( 1897 cited from K

less {substantial £ 0.001 mm per day to 0.012 mm per day {
than in ‘ C ,
o It has long been possulated that a crxtical pertod

exists in the early life history of fish. larvae during.which

‘ high ﬂbrtality ‘occurs { May 1974 ) The term "critical o

May 1974 N who used At to describe the time of completion
of yolk sac absorption. At thia time they observed high i

- mortality among marine leh larvad in laboratory rearing e

.

&
linking itk severity in a given year: to fluctuations }n the '

d} .
year clase strengths of COmmercial fish populations. The (

ex:.etence of a. critical period hoon after hatching hasQ bebn %
substantiated in laboratory rearing exRerimente ‘TElaxter

and Hempel 1963, Lasker et al. 1970 Wyatt 1972 ) but

' demonstration of 1ts occurrence in the g!a has remained R

e&usive - Marr 1956 May 1454 ) . A ‘ "

'n ) L '

Periode of poor growth may also be periods of high

A mortality, and lack of suitable p:sy or tﬁh\unability to

B capture it at the time of switchqyer from yolk aac to

~

.exogenous feeding was originahly cited by Hjort ( 1914 ) as

the most . likely cause of mortality in' the critical period.

»

) Theilacﬁer and.Dorsey~( 1980 ) regarded larval aurvival-as

. ‘ . : '

" attempts. Hjort ( 1914 ) further advanced “the. concept by Pl y

o cned o
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" sufficient prey at the tiﬁe of'completion of yolk*sae

-thPt this pariod of relativeiy poor

being dependent npon'the larva's abii;ty }o find'and captnre

k)

absorption. Lack of dempnstration of a critical period at

4 Pl

. ‘sea may in part be due to poor growth determination. v

techniqags, particularly reliance.on length frequency data

( May 1974 ) Accurate growth determinatione from otolith

f.
analyses will'eliminate this restriction and improve the

accuracy,gf survivorehip curves and, in turn, increase the ' - -

likelihood of critical period detection.

The preeent analysia of 1arva1 redfiah grawﬁh exhibits

the potential of otolith analysis in this regard. Redfish
»

-%;rvae, in both 1980 and 1981,’exhibited initial decdlines in

' orobth rate in the early post;extruaion period. I contend

P

rowth over the first

hQ;isﬁaays.‘
. ey \
mortality and re

environmental conditions and ‘a tchover ‘to exogenoue~

¢
4

v

feeding.
Redfish larvae have virtually no yolk remaining at
%

extrusion. Failure.to quickly becone a proficient predator'

) T . . D ’ ‘\ .
amd adjust to prevailing environmental circumstances results

" in deeclining growth fates, poor-cdndition, and consequent

high mortality. Suk¥vivVors of this 10-15 day‘beriod have
snccessfully acc&hpliahed the required adjustments and their

success is indicated by the Bubsequent period of rapidﬂ,

\

>
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‘increase 'in growth rate and a long period of relatively
high, stable groGtﬁ through the larval phase. Without

. ¢ ‘suitable abundance data’ to construct a survivorship curve,

3; ,'this contention may only be regarded as speculatory. The

)

present data demonstrate that larval oto ith analyses have

A b ’

‘the capability of establishing the existence of critical

periods in the eax‘ly life histories of fish species.mw
. P
v In 1980, irrpspective of time of extrusion or age of

a N r

larvae, growth of' most 1arvae peaked in late uné "to’ early

}
July { Julian days LEO-IQO ) In 1981, except for larvae *.

e

extruded about the first week of April, growth'of most
larvae. in the other extrusion groups’. peaked in early to.late-

; June ( Julian days 150~ 170 J+ While the causative factor of '

this apparen@ eynchrony of good growth within extrusion
groups in a year is unresolved, it is assumed that aome’

environmental event, either biotic, ablotic, or a ;C

‘ combihation of both, provided conditions conducive to\

accelerated growth during theee time periods. . N\

\

In 1980 lakyae extqued after Julian day 120 ( laet N

c

day of April ) grew aster over the entire larval period

than did 1arvae extru a in April. This. pattern did no
“appear i!fagel. In. 1981, 1arvae extruded in early April.

( Julian ys 90-99 ) and late May ( Uulian days 140-149 )

. :
e grew- -fastest of all extrusion groups but . larvae extruded

-betwcen thepse times and in June grew more slowly. In 1980,

RN i n 1 m R Yt aire al Bl bt ret i gt o
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the combination .of increasing 1ength at extrusion and’

increasing growth rete together result in later extruded'

larvae continuing to be 1arger than early extruded larvae of

t
the same age throughout the 1arval period. In 1981, larvae

'extruded in early April and from late May to early June were

larger at the same age than larvae extruded at other: times.

These size at age dlfferencee with date of extrusion have

' n4important consequences for growth and moftality.computations’

Yoe

" based on.a brogreseion of ’'length frequency modes.

.. IV.B. MORPHOLOGY S S ~,

. . " ' ¥
T »

>
3

3
.

‘a . . . \ v N 'y

. .

Evaluation of the possible ueage of morphologicai

:variablee publiehed from work on adult redfish as speciee\

'dijcriminatore in larvae was dieappointing. The only

.criterion by which’ the three putative species may be
differentiated with certainty is the morphology of the gas
~bledderjmueculeture end its paesage between.. the ventral ribs
( Power and Ni 1982 ) elthough Hallacher ( 1974 ) considered
differences in gas bladder mueculature in ecorpaenid; in-

general to be useful only in eeparation of sub-genera, not ‘

speciee. Gas bladder muaculeture was not investigated in

this etudy but itse applicability tt‘ larvee is ﬂoubtful in

any case. Differentietion of the gas bledder»musculeture\

occurs coincident ‘
’ .cf'.

-
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‘ventral ribs:do not ossify in redfieh until 18-20 mm, near '

larvae immediately prior to entering the pelagic juvenile

Other criteria, such as body coloration, eye diameter, and

.mentella but these characters -are not coneidered fully ' »

’reliable ( Baraukov and Zakharov 1972 ) and. axcept for eye

144 o
— Y
\ ' !
. — N % :
inflation .in anchovy around 10 mm in length ( 0'Connell L\

1982 ), but its timing in redfish is unknown. However,

W
although the musculature may appear fairly early, the

O

v

the end of the larval period. Therefore, this identification

Ny

criterim cannot be applied to all but the very 1argest - —

"o e

stage. ' . . o S

-

Total gill rakers on.the firet left gill arch, fueibn-

of the occipital—nuchal ridge, relation of the' pectoral fin

to the anus, and dawnward angle of the third posterior -
' . .

preogercular spine, all - reported by Ni ( 1981b ) to be S
useful in discrimination of S. faeciatue from S. men&ella,

are not appiicable to larvae either by'reason of'incom-"

pleteness of their developdent in the 1arval atage‘or by

, continuing‘bhanges in larvaI'body form.. : .

Barsukov and Zakharov ( 1972 ) and Ni ( 1982b )
reported S. faeciatus typically have 29 vertebrae. 7 ‘anal
fin rays,. and 14 doreal fin rays wh ile s. mentella and 8. .
marinus . typicai}y have 30-31, 8-10, and 15 respectively. . : '

' i
projection '‘of the bony tuberele on the lower jaw have been N i.

used to differentiate 8. marinue from é. fagciatus and S.“

’
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-vertebrae but Barsukov and Zakharqy ( 1972 ) report 13.2% of

" vertebrae and those with 30-31~vertebrac on any of the *

"Barsukov and Zaph

s :

, a \ '
diameter, are not applicable t9 larvae.

. Thus, at present,Ané single morphological character or

combination of*morphoiogical characters have been identified iﬂ

which may “be used to, differentiate !hrvdl S. mentella and S.

marihus. A similar situation exists with respect to differ~

»

entiation of S. ﬁasc1atus.,s. fasciatus typically has 29 . ;

4.

S. fasciatus from Flegtish Cap and adjacent banks have 30 Lo
vertebrae anﬁ XQQL}ﬂ?%i.*marinus snd 4.1% Df S. mentella have - :

29. vertebrae. Nif( 1981b ) reported over 30% of g.sfasciatus
on the adjacent portpsast Grand Bank have 30 vertebrae and <',
1-2% of S. mentella have 29'vertebras. Ni ( 1982b )_reports

some " S. marinﬁs on Flemish Cap‘ﬁéve 29 vertebrae as we].'l.w In I

'this study, of all larvae 1th the adulb—complement -of »

Anr

-vertebrae, only 7% had a frequency of" 29. No statistically

'%ignificﬁnt differences were found between larvae with 29

morphomstric or meristic:variables measured. S '
- NLA| 1981b ) rsports 98% of S. fascistus on ths

adjacent Northeas>6rand Bank have 7 anal fin rays, but
v . { 1972 ) report 30.1% of S. fasciatus
Leeasild

.‘from Flemish Cap and adjacent banks have 8 or more anal fin

rays. - In this study, of aLl‘larvse wdth the adult compiement

of anal fin rays, only-5.6% had a frsquency of 7 and no
0 i Ll ¥ ( -

" . significant differences were found bstﬁspn larvae with 7

a
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anal fin rays and those withH.8 or more on any of the

N [ 3

*morphometric means or meristic frequencies measured. Only,
3.5% of all larvae had;both 29 vertebrae and. 7 anal fin-rays
together: No significant differehpes.were.found‘between'
lngAe with 29 vertebrae and 7 anal fin f;§s‘ana those witb
30 or more vertebrae and 8 or more anal fin rays together.
Barsukov and -Zakharov ( 1972 ) also noted differences

in dorsal fin ray frequencies as weli but this character

' cannot be applied to larvae because, even by 20 mm, most
larvae still have not differentiated dorsal spines and rays. ‘
' In-Sebastes,<the posteiiormost dorsal spine first forms as a

' softtray,and then“transforms later into a spine, beginning

at the base and .continuing distally ( Moser et al. 1977,

——

Richardson and Laroche 1979 ). If one assumes, on the basis B

of these data. that the proportion of §. faecietue with

vertebral counts,other than 29 and fin ray counts’ other than

) 7 .is' small on Flemish Cap, then\these data suggest that less .

than 108 of the.redfish on Flemisﬁ‘?ap pelong .o §;
fasciatas yet species‘identiftcation of the adult stock
assemblage in ‘the February to Mardh period indicates that
2329 of all redfish on the Cap at that time are 8. fasciatus

{ Bee Appendix B ), 57% are S. mentella and 11% are 8.

i

.marinus. Beoause the extent of seasonal variation in species'

-

jabundance on Flemish Cap is unknown. these proportions may ,

not be representative of the April to July extrusion

{
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Magnusson ( 1981 ) contended that, in juvenile "
'S. marinus, the upper of the two longest preopercular spines
is shorter than the lower while in 8. mentella the condition Lo

is- reversed. The upper spine is assumed to.be the second
: . A

preopercular spine and the lowexr one theAthird‘preopercular
spine. All the specimens reported in this study fit the

pattern reported by Magnusson to be S. marinus. As °

Appendix B ipdicates, this i® not likely on Flemieh Cap. N L

Templeman ( 1980 ) found pre-extrusion larvae of the‘/,f”

three putative spec1es differed in sub=-candal melanophore
y* '
pibmentation. While 90% of S. marinus adult. females , 76% of»
‘..
- adult S. mentella females, and 100% of S**fasciatus femalesf

; .
had at least some larvae: with aub-caudal melanophores, the

actual frequencxes of larvae with sub-caudal melanophores

were 213 for s, marinus, 11% for S. mentella and 99% for S.

: fasbiatus. Additionally, S. faaciatus larvae uaually had

two sub-cihdal melanophores while in" S.‘marinus and 8. .
menfell; with sub—caudal meldnophores, ;he typical number
was one. While interesting, this is not'a good species ) .

identification tool. A~larva lacking aub-caﬁdal

melanophores or with a single melanophore could reliably be

f ruled ,out. as §_. faaciatua, but one yould not be able to.

differentiate between S. marinus and S. mentella. While

&

e
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?empleman ( 1980 ) does not report the actual frequency of
larvae with two or more sub—caudah melanophores, his data ;

indicate that 19% of S. marinus adult females and 25%.of s.

mentella adult females contain at least some larvae with two

,or“more‘subh caudal melanophores. Presumabiy. the actual

frequency in the larvae is small. In this ltudy, the number

of larvae with twe or more sub—caudal melanophores is less

_'than 2% of all larvae extruded in April, . the period of

maximum extrusion activity. However, 35% of larvae extruded )

O
o

in May or later had two or more sub—caudal melanophores. It

seems probable that those larvae. extruded before May are S..
mentella or S. ‘marinus or, more probably, a mixture of

unknown proportions of both and that 1arvae extruded in qu

.or later coutain an inereased proportion of S. fasciatus.

This distinction in extrusion times is:supported by Barsukov

and Zakharov ( 1972 )‘who reported that S. mentella’ and s.

marinus extrusion is‘mainlj in April and May,”and S.

.fasciatus extrusion is- delayed until Hay through July.

Comparison of merietic frequencies and morphometric

means of larvae with two or more sub—caudal melanophores and .

those with fewer than two melanOphores did not show any
e
differences between these groups. Larvae with two or more

"sub-caudal melanophores were othexrwise indistinguishablq

from larvae. with fawer than two sub—caudal melanophoraa

_extrul.d during the same period. Because ‘of the increaaing

¢
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Irmihger Sea, found no grouping” o componentﬁscores and '
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B

pigmentatiqahigjég:;z;ida1 area with age, larvae with

ossified vertebrae and anal fin rays could not be counted

-for sub-caudal melanophoaes. Thus, uufortundtely, no direct

comparison of numbers of aub-caudal ﬁelanophores with

numbers of vertebrae and anal fin rays was possible.

Principal Component Analysis has been previously used .

in attempts to distinguish'between‘redfish species. Jgnes

~

. : 2 * R .
( 1969'), in a study of adult red£filsh morphometrics in he

N,

concluded that redfish had a wide, but continuous variation

r

in body proportiOns.

4

TechniFally, only'continuous variables with a

- . -

discrete, no}mal distribution may be included in a multi~
variate clustering procedure,such as PCA ( Thorndike . 1978‘).

In this dataset, this restriction limited PCA’ to

' morphometric variables only because, due to the manner in

which oslification of meristic structures occur in larval

4
\

redfish, and probably fish larvae in generalxxthe ftequency

distributlons of the, meristics invariably were strongly

‘ skewed and often discontinuous. L );

The PCA procodure showed that, after variation }

L]

. !
g%sociated with fish length was removed, ‘a statistically '

significant pattern with respect to time of extrusion és

-

evident. The PCA scores were positively correlated Wwith

1ncteasing.iatsness of'oxtrusion. This was most’syideptAin'

4

T

e




: values for most morphometrlc means throughout the 1arval
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pre—-flexion and in-flexion larvae. Thie pattern correlated
with extrusion time was further investigated by COmparfeon
of larvae extruded in April from. the onset*of seasonal <::l’
extrusion to its peak around the end of April, and larvae

L Ce '
extruded\gn May or 1ater after peak extrusion had passed.

A Examinatlon of morphometrlc means and merietic
frequenciee for theee two extrueion groups by : one mllllmeter
length intervals showed that the differences between-

extrueion groups are similar ﬁor nbst of the variables

“measured. In general, the later extruded larvae had larger

"period from 6 20. mme Meristic development was charaoterized

by earller onset of ossification of fin elements and
supports, heed spxnation, yertebrae, and all skeletal
elements‘generally,'follo§ed;usually by earlier completion
of the oeeification procees. Not only do the observed

differences have a bearing ‘on’ the species identification

. v

"problem, but they also have important ‘ecological

! Y

coneequences.'.A ) ' \1'-‘ ‘ .,i'

All body morphometrics Which were measureable on newly

extruded larvee,llnoluding anut 0 anus length. head

length, enout length, ‘caudal - peduncle width, body depth at

-t

'the pectorel fin and anus, aye diameter, interorbital width,

-head depth, and pectorel fin length nnd base depth, . ehowed

that lervae in the two extrueion groupe were indietinguish-w

o \' . ' ,
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able at 6 mm. No ossification of meristic structures is.

present at 6 mm nor are any meristic structures present as

cartilaginous elements, irrespective of extrusion-time.

‘ ’

However, as-the larvae ’gra, differences become more
pronounced. At.7 mm,. larvae extruded in May or later had
larger pectoral fin base depths than larvae-extrudeé'iﬁ)

April and ossification of the gill rakers on the lower arm

1

of the first Ell arch had begun, a process which‘was

delayed to 9 in the April—extruded larvae. . Principal rays .

of the caudal fin,-both superior and inferior, and
. . I - - .

brachioste%ﬁ%?fhyslalso appear at 7 mm in the later extruded
‘larvae. . ~ "

At '8 mm, the later extruded larvae had longer‘ and
'deepeg heads, a larger snout to anusllength, anA\were_mﬁch :
deeﬁer;bodied, as evidenced by iarge:.body depth at both th;
pectoral £ Q :hﬂ,hnﬁé.'ﬁlso by 8 Qm,_go% oflthé later
extruded 1 ;vae.haa ossified maxillﬁe,-the maxillae of the
iater extruded lafvae.also being lonéer than those of the
early extruded 1a}6ae. Thﬁ lqnger maxillae and 1arger heads -
of the later extruded larvae result in a broader gape and ’

v_hence the ability to inggatilarggr food particles. Gill
.ragers,'wh}é ’fqnbtion in food handlipg,.aré‘alsd more
vnumerbu; gi; ﬁktgé? developed in the later éxtfudedilarvae;
‘Iﬁe dgveloément of gill rgkefs:retainé and improves their

+ ability to feéd on smuii.food particles ( Bainbridge and

\
%

. ) ‘. . - i .
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McKay‘lQSB ). The utility of prey, in terms of energy gain,

intcreases greatly with increases in prey size { Werner

1974 ) even thOugh the larger prey ‘may be less abundant Y

( Kerr 1971 ). Small prey have the advantage‘of usually

greater abundance and hence lower search and capture energy

coste to the predator if the -prey are at high densities.
The ability to feed on both large and amall prey'

reeults in a wide feeding niche. This allows the later

,extruded larvae to eat large, hﬂ/h energy content prey, when

such prey are avallable. This proﬁ:ies fast growth and

. enhances survival,, Later extruded larvae can still eat

s

small, low-cost prey, if necessary. The earlier extruded ’/ﬁ%

larvae; off the other hand, are dependent.on small prey.-
Thus, they may be vulnerable to starvation in areas of low
prey density of the smaller size prey even though larger

prey are i abundance ( McCullough and Stanley 1981 ).

~J

Whether late extruded redfish larvae do actuallx

»

selectivély ingest larger food particles is unknown.

The™coincident development of a larger, more advanced”

v

'gut ‘area,' :as ev’iden‘qed by the larger snout to anus length

- [} .
and greater body depth-at both the pectoral f£in and anus,

indicate ‘a greater ability‘. more efficiently digest and

-

assimilate food items._ B < . ,

n

3 v .
Also-at 8 mn, later extruded larvae have larger eyes

"
+

: and thicker caudal peduncles than those larvae. extruded in

t . . -

N




. . - '
April. The larger eyee may indicate a better developed /

. ) ,
visual sense and hence .increased ability to perceive prey| at

relatively greater distincee while the. larger caudal
neduncle width, and coincident development of the caudal |jand !

pectoral fin elements, ‘make the later extruded larvae faster \
' . ) . \

. -

The -greater 'comparative speed and‘,man'euverability of’

and more maheuverable predators.

the later extruded 1arvae probably continues through to

,completion of notoo‘nord flexion around 15 . Principal

caudel fin ray arid:'pectoral fin ray numbe_rs :Ln tT'l_e,later
extruded larvae continue tb-_exgeed those in the early .e‘
entruded,‘larvae, although ultimasely the numberre_of raye.'a e
the same in each group. Anal spines and rays; tl\me pelv:EL,c U\\

spine and rays, dorsal spines and rays, and 'secondary 'oaudaJE\
. " }

rays all appear in the later' extruded larya‘e‘ 'be'f’ore they \“

dppear in the darly extruded larvae but, by 15 mm, both |
extrusion groups have developed the adult oompleinent of .£in \
ray elements, except those of the eecondary-caudal' series

‘whioh continue to develop into the pelagic juvenile stage

\

and pectoral fin rays which are complete around 18 mm.

r

8 pattern towards robuetneea’. ‘thicker bodles, and

~

: éenerally advanced development in the leter extruded larvae . |
continuee throughout the lafvel period. Some of the N
_ .I‘norphometrics, ,euch ae snout to anue length, head l'ength.and

- depth, caudal pedux’lcle width, body depth at the pectoral fin

‘and anus, eye ttzet';r', =maxillary length, and lengths of the
: -~ 2

S
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second, third, and fourth posterior preopercular spines, .
. | Y ' : . '\ “ ’ .
remain consthently greater in the later extruded larvae.

'Otheép, such as pectoral fin length and. base depth, are

~ . 1 1

significantly ‘different between extrusion groups only over °,
more reétricted 'size ranges. The two'extrusion groups‘ére

. ‘most, differentomorphometricaily in ‘the pre—flexion and in=-

l
4

. flexion _stages, but the. differencee between extrueion groups: .

- 'become prg%re591vgly leks pronounced‘ BY completionfgf' P ]
nFtochord flexion. around 15 mm in both extrueion groups,_ .
. : ) [ . .
Y. oo éye diameter and. maxillary length means, are overlapping andr L

v ‘from 16-20 mm, the confidence intervals about all N R /3‘;*

L

morphometric means for the two extrusion groups overlap ”B
T C 20 mm, most mbristic frequencies were also not significan 1y
different between extrusion groupe, making the larvae ._/

L

v1rtug11y indistinguishable again.
_ Thue,_lagyae of the two extru31on groups doknot6
ultimately differ from each other in morphology. The only’
- - o difference between them ie the rate and timing of ;\burrence'
- of developmental events during the largal stage. There are
two possible explanationa fof\these differences. Tﬁe firet L
’ is that, 1arvae extruded "in Aprxl*are entireLy or mostly ofi’j,. -  :
. ‘*b E one or two of the putativefredfieh epaciea whoae extrueion |
‘Zr’ " L ; ao&ivity peaks in April and becomes much 1ess common in May:

s
Larvae extruded dn Mey and’ later are the resuit of extrueion ,

A ectivi£§ of a different redfish apecies. Because ther; neems
C o o - . -
Rl . ! . ..

. : * - [ n
~ 2 I | .
N . . . : N
- . - B L
« ' : ’ .
.
.
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to be only a single extrusion peak in ea"ch .year, then either

species propoxtions ( see Appendix B ). As to
propa) A

ing of their respective extrusions, S. mentella and

8. maﬂ'nns are believed to have peak extrusion in April,

declining into May, while 8. fasciatus is believed to »

[

extrude larvae from Hay to July ( Barsukov and Zakharov

1972 ). >

.

', The second‘?qually possible-explanation is ,tnat
changing environmental parameters in the progression of“
Spring i.nt.oi Sunimer induce'growth-related developmentel
chang& in the later éxtruded larvhé such that; éeveloPment-
in general is greatly accelerated. ’ ) ?‘

J Processes. deternining the formation of meristié and_
morphometric characters are generally senpitive to

environmental changes ( Chen 1971 ). Uean (. 1945 ‘) found

+that herring, Clupea harengus, taken from colder waters of

the Gulf of St. Lawrance were characterized by a slower
growth rate and smhller heads than those from warmex waters.
Templeman and Pitk ( 1961 ) found a negative correlation -

between vertebral number and surfsce temperature in S.
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:although it is conceivable that-both are happening at the

‘*game .time.

- \ o 156 R

* mentella. InACyﬁrinodon macularius, any'g%pafthre from 32

degfees Celsiue, the tempereture of fasteet growth, produced

- increases in the proportion of most measured body parts ‘J\

"( Sweet and Kinne 1964 ). Lindsay ( 1954 ), in a study of

the merieﬁic—charectere of Hacropodon-opercularie,'reported

- . - L3

some meristic series were still subject to environmental
-

influence 20 days after hatching. Fahy ( 1981 ), in a. study '

! -

of embryos of the cyprinodont. Fundulus majelis, ‘found that

er;: doreel fin rays were formed with increasing

'tem rature.-

. "The.meen ﬂf:perature in the qprfece waters 6f Flemish

. '-Cep in April ;eng s from 1 degree Celsius in the cold,

’northwest corner, to~6'degreee Celsius in the central,
"shallow‘}egion. 8y July,'the mean temperatufe has, increased
to about g é‘ﬁrees Celsiue in the northwest corner and 14-15
degrees Celsius in the central area ( 35’;; et el. . MS1977
). Because the redfish larvee edtruded from April to July

ere indistinguieheble at 6 Tom and develop at different retes

'throuqh 'to 20 mm, by which time they ere indistinguisheble

again,- the differences oh!erved may be the result of

seasonal environmental change rather than temporel

differences in' extrusion activity of different species,

. ‘_' . ‘
Tﬁe failure to find,criteria for species’ identifica-

o ) ’ \ - . <
b . ; 3 . .

3
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‘tion. gives one cause to argue that the three putatlve od

[ ]

species of redfish may not be valid. Given the speciee

proportioneﬁof adulte in February -and March, reported’in

‘“Appendix B, it seems likely:that Buff&cient numbers of all

three species exist on the Cap The. 1arva1 samples ex@mined
l:Ln thia study mdat likely contained repreaentatives of all
- three species. d:zparison of specimens from different
.locations where ‘the stocks are known to be predominantly ‘one
or the other of the three epecies ‘may be helpful. However,
this will introduce the complicution of geographic'

o

differences ‘in morphology obscuring or inflatingieotential
intdrapecies differencee. The preaent analyeie could have' -
béen- improved by provision of extra“sampling through'June.

+

and July. Aiso, an integreteg study 'temporal variation in
ppecific'extrueion'ectivity'coubled with rphological
studies of newly-extruded larvae wonld improve the chance of
identification of interepecific differences. Another avenus

. for further study would be to- investigate biochemlcal

aspects of 1arvel redfish to determine if any such - ' .

differencee might be correleted with morphological E.

criteria. ¢ g
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Appendix A.. ﬁt of morphological- variables measured,
and their abbreviations with a description:

of each variable and its coding, where '
applicable.l
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e » EXTERNAL MEASUREMENTS - - ) ‘
! ) .\’j- - " ' ' . ) —
: . The following\were ‘measured from the left side, where C
i
applicable. Abbrev:.ations in brackets -‘are those used iﬁ“ﬂm B
. - ’ o R N . .2 .
g -3 © text. L L. p | . \ |
e i . A NS . . o , -
A oot C B ! -
: . , oo S A
Dy - ®. (1 ).tip of snout to posteriormostssdge of the, caudal rays R
+ l‘ . " - . b » "' . . . - <. \ L . LA
- - . . - ' .' L - [ - - . : )
( 2) tip of snout to the anus ( SNANLEN ) RN
f % . g (« 3) tip of snout to posteriormost edge of the. opercles X
; . ‘/ - . v ) "t ' . . = X ‘
o ¢ 4) tip of snout posteriad to the intersection of a- - .
'\: Vo ' ' vertical line fraﬂ.ths anteriormgst edée of the orbit‘ﬁ
! v.»“ ‘ - . o ﬂ' - ce ( SNTLEN ) o ‘. ) ¢, . . “] ‘ L . " ‘. . P n:.

* o ( 5 ) tip. of snout posteriad to the intersection of a vert—

- f‘ ical 1ine from the first dorsal spine ( PDORLEN ) oo A

(. 6 tip ‘of snout posteriad to the int?rsection of & vert- '

"~ ST ical 1:Lne from the first anal spine ( PANLEN )

. ‘ C f -
5 : ¢ 7_)‘width of the caudel peduricle at_its nenrowest point .,
1 S | cAupﬁb ) R "./fx\;_' . R T
P ( 8) body ﬂepthomeasured at the inzertid‘ of the: pectondi "{_
. Lt i [ - . h ' . L
i T BODPEC ) L . e
I ». 0 ’ . R . C
. .9 body dspth measured at the anus ( _BODAN ) ‘ ‘
; ‘ A
' 2 R ] T . ’
. °f
+ s . * . - '
f . ! . . )
% v i 4
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R

(10 )
(11)

th from the l&st ra of the dorsal fin to ‘the

(15)

(14 )

(115}

' ;“kjlsz)m

(17 )
(18 )

k3

-
{19 )

( 20 )
(21

.hypural elements (&CQ‘LEN )

[

1ength of the maxilla ( MAXLEN )

horizontal width OE the eye meqsured through its

i
N

center { EYED ). "

intersection of a verti.cal li.ne drawn through\\the
posterior e@ of’ the hypural elementa { CAULEN )
Yength from the last ray- of the anal fin to the int—

arsect&on of a vertica]/‘ﬁ.ne drawn through the

I

horizontal distancé thr ug de interorhital space ‘ .

-

( INTORB )

head depth measured along a vertical line thrbggkthe
A ‘ . y .
center of the eye (' HDDEP ) . LI

A

length of the longest ray of the pectoral fin LPECT
LEN ) ' - ‘ ' " . .. 5

1ength of. the base’ 0\5 the pectoral fin ( PECTDEP 3]

-

state of flexion of the notochord according to Hoser i :Z“ -

et al. ( 1977 ) ° LT

4
. o [}
B

7 : pre-ﬂeg.on ‘
in—fle noH S

- L “ H .. . ™
number of: body myomeres ( MY(M )

number of post-anal body, myomerea (. ANMYOM ) S

length of the dorsal body melanophore line" in myomée" ,

unfts ( DLEN J» © ~v¢ f 0 . o S
» Y S . o M

W Y e ———— Yo ————— T K ETE B i gt o ca o n

AN B poat-fiexion ’ B - f
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" ( 22 ) length.of the

.véyomere'ﬁnits

¥
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ventral body’mélahophore llne'in

( "VLEN } '

Ed

MEASUREMENTS AFTER CLEARING AND STAINING

e,

Lé i an 0}

'Counts of-all meristlca were‘éategﬁfized'into numbers

of elements oasified ( ataining with ali

-

laginous ( staiding with alcian blue )

-

. . ' o, »

arin.red. ) or cart-

(. 23 ) length of the dorspl fin from the‘first bpine to the

‘\

( 24 ) 1ength of the anal fin from the firat spine‘to the
{ 25 ) length of the longest ray of - the pelvic fin ( PEL

(26 )
)

g8y

“i(29)
L

4

( 30 )

( 31 )

laat ray ( DORLEN )

last ray ( ANLEN )

LEN )

of the pelvic splne ( PELSLEN )

|

4

o WY

A

number of gill rakers in the upper aﬂn of the first

gill arch (. GRAKU ) ’
number of gill rakers in- thevlower arm of the firth
gill arch ( GRBKL ) '

I3

v \

\ -'»\" ’ “ t

number of brgchioategal rays (° BR )

‘numbest of vertahrae { VERT )

~£ .A‘
A\

o

N |

8 ]

“e o
‘ . .

:

-

1

P § 32 ) numben of superior principal /pudal rays. ( BPRIﬁ ) \\(
' oo e \ » R

o l‘a‘
+




'AL< ‘_‘ .‘. -

. 4 : ;
'( 40 ) number of pelvic spines ( PELS ‘) +

T 41 ) number of pelvic rays (-PELR ) _ : -

PIGMENTATION = o

33 ) number of inferior ‘principal caudal rays ( IPRIN )
,‘34 ) number, of superior secondary caudal raya ( sPrROC )
35 ') number of inferior..gecgndary caudal raya ( 1PROC )
36 ) nvuml'us'::"of~ dqfaal énines and rays.( DOR ) I»
3d ) number of anal .'apines ( ansp’ ) |

.-38 ),q;t:mber of analkra'ya' ( ARAY ) '_ . P

39") number .of pectoral rays ( PEC )

.

v 1 i . .

. °
- .

. , . ‘
. Several areas of body pigmentation were\\obaarved«rand.,.[

13
f

the pattern of!melanophorea was categorix\ed into one of

s
e *

se_veral vtypes coded as below.

4

{ 42 ) melanophor'e's on top of .the brain .-
$, pigment -diffuse, no distinet malancphores
2, partly diffuse and partly forming a, solid cap of -
. pigment ' | T . l : )

3. distinct melanophore'a‘merging ingo a solid sap
' ’ ’ - ¥ &

4. ‘some' distinct, some merged into a cap

, A

5. slme distinct a.nd- se‘parate, and partly diffuse
pigmont S T

6. all separate, distinct melanophores
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S\ 3 N -
ﬁelanophorés in the interbrbital space

1. all aeparate, distinct melanophores '-,
2. mqlanophorea arranged into a ring"

3. pigment diffuse, no distinct mele_mopﬁbres
4. no éigmant S ' )

melanophores -at the nape | Y
- i

“ 1. single rlanophdre, expanded in appearance

o 45)

2.. one ‘or more contracted melanophores

3 .é diffuse pigment

PR s L T e e RIED
} ~ .

s ’
4, l_'lO pi\gmer’rl: . .‘ o » “,-g "ﬂh
5. pigment has b.ecome_;embedd_gd - , T
.xﬁelénopﬁores' on the g xsum. . . . o :‘ ' .
1. distinct mlanophigs forming a’.comple,lt‘;e line pi' - X
nearly so ) u..' | -
2. distinct melanophores ‘fornting a line_ for more than-
.half the total extent of the ;nelanophore paﬁter'rt -
"”‘37'.‘ .c.lisi-:inct melanophores ;forming a_l:!.ne less than
. half of the total extent of the melanophofe .
pattern ) . |

" "4, all di nct, 'sepa'rate melanophores
5 line ;melanoﬂxores 'has bgcome biaected by doraal :

£in davelopmant.

melanop'horea on the ventrum NEI A
. LY T ' N " *

1. contracted, separate melanophores not forming a

: line
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2. expanded but separate melanophores

_ line

3. melanophoreg merged into a distinct line
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During February and March, 1983.1 two cruises to
JU S

Y

, collect information on adult redf{sh abundance were made to p

»

E“lemish Cap. The first was a random stratified trawl acrvey‘
during which 133 towa were completed and total number cf
adult re&fish/ in eaéh was recorded. Tows ware completed in
each of 5 depth zones ( 1 ) 0-184 meters ( 2 ) 185-258"
meters ( 3 ) 259 369 meters ( 4 ) 370-554 meters (5 ) 555~
739 meters. The total number of’ adult r;afish 25 cm or

larger and t.he area in each depth zone vere combined to

. estimate the total number of such redfish in each dept‘h

zone. -
On thc second cruié‘e, 14 trawl tows were: cémpleced in

: ' A
line ‘transects with tows .in each of the same depth zones

. covéred in the first cr\fse.j The sample locations are

3

LEEERY

b, Litvinenko 1980 ).

{

indicated :ln the accompcﬁyirig figure. In each tow, tﬁe ‘fit-st'

160 redfish 25 cm or. larger were selected for identifxcation

N

v

according to gas bladdar musculature criteria ( Ni l981a and-

The proportion of each of jt:he three

putativc species was then determined scp&rately for each

" depth zone. This was done because of the reported depth

stratification of their respective distributions ('Ba_r'sukov
and Zam};rov 1972, Ni 1982 ). '
. The rasults of the two Burveys were combined to give

éétimataa of the species proportions on Flemiah Cap as a

. Y

N

e e
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Fihhing trawl loeations for collection of
adult redfish for species proportion. i, =

determ:l.nations. Fehruary-uarch, 1983.
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whole ( see Table 17 ). Adult redfish are strongly depth _ 2
stratl.fied. Relatively few redfish of any species are found .

at depths shallower. than 185 meters. Redfish are most

abundant from 259- 554 meters i« zones 3 and 4') with .

relatively large abundances recorded in zone 5 as well. -

. 4Becauss redfls‘n a.bundance is still high :Ln zone 5, the" total’,

abunda.nce figures for the .entire Cap are probabl.y undex:-

R T I RN E

' £from Flemiah Cap and other areas 1nd:l.cate it ia :

,.predominantly found at deptha shallower than 400 meters.

-metera, t.he maximum depth included :Ln zone’*!‘r’"

"surprisin?/because published accounta of :Lts distributlon

_7'- .
The ind:widual ppecies are alsd depth stratified. In
: 4

c . ' ‘ : }
zZone: 1 and 2, S. marinus is- the “most abundant species ' \

’ . B
comprising 57% and 93% of the pOpulations in these zones ’( o

respect:.v.ely. s. ‘marinus is rare in zone 3, abaent in =zone

4, and compr:l.ses “12.5% of the poPulation in zone 5. The

appearance of 'S. marinus :I.n the deepest zone is pomewhat ! -

et o

e ,
S. fasciatus :Ls rare i.n the sha.‘llow Z.Onea 1 and 2.

However. it comprises 95% of the populati.on in zone 3. It is A,

-

rare in zones 4 and.5 as well. Aga.in, this ia« surprising

. .because §. fasciatus has been. identified wvs a shallow- water

-

{
'redfish in other aréas. S faaeia.tus wap expected to be a - ' l
%

1

PR

.major constit.uant of the redfish population in t‘he shallow

.

Zones, particularly zone 2. < a
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- - S. marinus . _ . S. fasciatus .S. mentella '

- Depth

Zone #
: ' (m) *

) pf St- .Err;. - .Eﬂt- #
i © (107

-

o St. Err. Est. # P
,,%j”\g  _ufj‘__(%@'“) -

 St. Eir.

| /568 05377 A7

[

(0-184)
. (185-258)  .934 °  .021,

(259-369)

' .. 515
. . (370-558) o 0O

_.042
0

L. 555=739).. .125 1099

\ .02 3

. T.052

o1/ 01 01 .42
/ 62
11597
T

".013
w017
- .008 -

.946 .012

. 948 :

\

009 14 .g62.

.044

.053

.008
008
.027

.017

5 8.3
5 2836

12

147 12259

Y

14170 14947

8794

Est. # Total, #:
(10=%)  (10=") .

- e

R “::i'"_

s .026. o 7581
Lo isTotal, S .10 .022 4268, 323 . .016- 125% 567 4015 22027 38844
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. As expected, S. mentella is the dominant gpeciee in

the deeper zones 4 and 5 w;rh‘ere it comprises 95% and 86% of
the respective populatid’{fvﬁs. mentella ,also comprlsed 42%

of the population ln the shallow zone l and is. of neglig:.ble
. ¢ S . . .
importance in zones 2 and -3. . coT : .

l o .
/ cOrrected for the observbd dept‘h stratificatlon of
camdia? » )
\ speciflc abundances, the pr0portlon of the three putative

species on Flemish Cap are 11% 32%, and .57% for S. marg:nua. ‘

. 2 . -
8. fasc.latus, ’and S. mentella ..respsctlvely. 'I‘hese. :

PR

' \'-p‘roportlons are conaistent w%th preva.ously,puhlsished v

£

M". " . [N -
N : A . s . :. - -! ..J “.'_" -t-:-,, L
. man 1976 ) .' o ;': TSN T, l-’_«;., .. ,; S

- -

-and abundanc‘:e of the three putative species is unknown, -
: these estimates should -be, usad w:uth caution when extended to
‘other tn.mes of the year. Also, collect:.on of samples to oo

'.'establish species proport1ons did not include stations :.n

.
t

the northem or northwestern part of Flemish Cap. Because

ic

Only 14 towa ware completed to collect the apeeiee

identification\ samples, and becpuse the northern arss were

'I' .

excluded from sampling, the rsal Var:l.ation in species .'.'_1 L

-

'accounts of tne redfish populati.on on Flemish eap ( ‘remple-

Becanae the extsnt of seasonal changes in' dist,ribution

-

proportions w:l.th{n eaéh depth zone may be h:t.ghsr than | . P
Lo 'indicated in :theae data. S a .' e e ‘ ‘ .
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