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“ABSTRACT ot C e

% v A comparative growth- study. of ‘Strait Tof . neu; Isle

: Hz:llnu edulls’ pnpuluttnnu was undertaken, with the hypothuls

that the surface

er temperature difference between the  tvo
‘stdes of ' the Strait-(4-B C) results in datfferences "in growth

Iu:es. i Relults of the study’ show that Hxnllul edulis ¢

. e TR —uu;uud at t'o\lx' -ues, (two on each side o the Strait
- .. the hign, lou, ianﬂ‘auht%d-l _zones,” ‘displays ‘the ‘type Of" ..

spawning, ~ growth, - and ‘population ‘structure. typicalvuf

“morth- t:mpetlte, expul:d*ccalt muis:l pop! 1nliom;. line.r

nmu grovth sdees ware staeies vatvaen :h\w a1dés’of the
s:uu. .GTowth rates were low (maxinum of 6-8 ‘mn per year) z

i i ad ums highly variable within populltluns Cavirage vange th
leagth %f 10 um per yeat class).

Winter growth vas negllgible s evidented by . pronounced, .

35 “external _ shell check-marks and - gdespite -the large

* spring-summer water tamperntur: difference he[ween sides of

the - Strait of Belle-Isle, -the annual spring atast of 11nelr
shell gr?u:;{ vas similar betwéeen mussels “on the. two  sides.
Fid seinonai prostaseion Lo “the m:‘c(-n.g growth line in M.
edulis was -relatively "aynchrunn‘us» vithin populations, ~and

- timing, of deposition was similar between sides of,the Straic.

o
- Spawnidg was synchfonized ‘' And occurred later ;
1 (July-—Augnar_) than b'at more sopthern latitudes. Subsequent 1

v .u:umﬂ 10 1981 resulted)in large numbérs ‘of post-larvae / i >
aver—uintex‘lng on algae and adult mussel beds at sizes <.2 mn’ i




i

<o oda shell lenggh. There were large differences 1n- fecundity §
bez-efn’ sites; nowuu. the nn.e u’!ctumﬂty wa ll-llat._nn_ »
o o “both sides of the Strait. Age-specifie fecundity wvas .h‘lg.hur gy
"t the %n;' {ntertidal than in he ‘m.n lnterrtxd_-)."(c.;.k 160:
and 115 mg gamete dry v-l‘h't ig;pecuvgly, at Pt
= g

\zone vI\!le l:onu'un’blnl lietle ‘to_meat weight bio

Amour).. .-

sels <15 ma in shell Len, én dominated the , intertidal

oAt ‘the

¥ -,-pxxng- scale n.ed in :nx. study (zon cal )y meat er weight: -/

biom and reproducti'l output were “igilsr between hm. lnd‘

Yoi tafireiain zones.  Indiyiduil_ mkat weight values ~were

4 SR e
) stafla 'bet‘een the two sides of the Strait and Pte.. Amour

tiweight e guie 'l|helt of -those fn - the intervidal

. zomes while similar to values.at other sites subtidally.




|
I

1 wiu1d like to express =y .ran(ude to . my -upctvllur.

pr.  Dom Steels,' ‘for ptnvidln‘ a

istance thruuhuut this |

§ study \and £6r revieuthg the m'uu.u.tp:.. 1 .would .algp Like o |-

= thank bre. Richard | !n:drlch

reviews

1ndehud €

n Skades, for. providing. |

8 - . St e
advice,. and to Dr. Ray Tho-pl\?n, for adviie-on |

stattstical.

! certain

Bects of material in the thesis. ° \
"Iam also indebted ‘to Foster Thorahtil and Lloyd wu(on{

- \
in the Llpidlry _Workshop (Earth scnncu) for their| |eneu|u
A

pn-auen of -(nl[:-znt and helpful advice and _to Bi11 Brown

(unlu,y Chemical Preparations ~Lab). ro': :ng

1'would alsb. 1ike' to thaik loy “Fickeh' (Biology -

e lof his

facilities

. Department thtogr-phlr) for his co—opu.unn even at)the

/__MLALmAu—mmvu—ke to thlnk Cyr Couturfer nnun- %

scunu Research Laboratory) for advice on shell thin-section |
pre_pltltlon,, and J)u._h Mitchell (M.Se. -tudenz. vaiv. of
" Toronto) for providing a , SAS. -computer progras (nnquud:

. = method).' ¥ o T

¢ qouu like to express my appreciation to ‘nnb -Hooper for
providing - copiovs information ~and Lnsight on the Strait of

Belle Isle and for -his enjoydblé. company on :m\n% ltipl-
4 1 would aleo like to thank my family ‘and Linda Yodden for:

"
» théir constant encnuugeunc and | support thzoughouz ny

studd The “tapartan

of their contributions is by no m

reflected by their. position in the acknovledgements.

nd Grant . Gardner\ fof their |




, Grovth-in shen Veigne.

. ABSTRACT.

ACKNOWLEDGEMENTS

- TABLE OF !CONTENTS.

%% i LIST OF TABLES.......
- v

OF EIGURES....

INTlonUcnoN. SEay

MATERTALS ‘AND. METHODS .

e . FIELD .WORK...ouu.

* LABORATORY ANALYSIS

¢+ 'State of the Gonad..

E Ageing of Mytilus edulis

sl vy . STATISTICAL ANALYSES AND COMPUTATION
: '+ OF-REPRODUCTIVE INDICES
Y Growth..

Fecurdity, Neat Dry-Weight Biomass

.and. Reproductive Output.

T RESULTS . viuernarins
" REPRODUCTIVE GYCLE
State of the Gonad
Séttlement.,
Fecundity.
w Percentage Body Weight (Sherl Free) Lols
~ at -Spavning..... S
Meat Dry u;h: Biomass and lenroduntlve

Output..
SIZE FREQUENCY ANALYSI

& » GROWTH

. Linear Shell Growth.:
et v Growth of Juvenile
. Growth of Adult
. Between-Site, Comparisons.
: Between-Tidal Lu’el Compfarisons.
=

=
e

L Seasonal Growth..d.iiee..
‘ . s Seasonal Progression of Shell,
’ Internal Growth Lncrement 31
. > ; Shell Morphomsirice.
.

Growth in Weight




Shell Welght ag'a Funition of Age,
and ‘Tidal.Leveluo..en...
Seasonal Shzll‘ug{gh: changes
Iysis of Replicate, Sappiles
Growth,in" Shell-Free Body Weight,

Meat Weight as a Function of Age and

Seéasonal Changps in Meat Weight:
Analysis) of Replicate Samples

B N + )
UISCUSSION.....\ o

. ‘\:
piba,

. * Fecundity,
* ' output.

Soft Tissues.:

FEIRTRRRRY 58

SUMMARY: ovuenns

" GENERAL DISCUSSION.- .2\... '

REFERENCES CLTED. : wag ¢ Crenseaegees127

APPENDIX. A: Formatian of \the Shell Intéral
Growth Line’in Mytilus edulis

Py o\




_TABLE 5.

TABLE 1.

. TABLE 2;

TABLE 3.

TABLE 4.,

TABLE-6.

TABLE 7.
/]

FABLE; 8.
Ty ok
"TABLE 9.

JTABLE. 10.

‘. values with observed mean

*.in Juge, 1981..

populations.

Tow intertidal M. edulis......

i e ;=
Annual, sux!ace water ‘day dggreg- Ear north
of the Strait of .
ther north temperate

regtnh........

Size and abundnnce of juvenile Hycilus
edulis in the. Strait of. Bélle Isle in
November, 1981.

. . g SRR 2
Meat .dry-weight blomass and re#rnduntxve .
output In:Straft-of Belle Idle M. edulis

e. Adour,

External.shell check-marks on

o . ® faout '
External shell check-marks on [Black Duck

Cove, low,intertidal M. edulis

von Bertalanffy parameter values. for mussels
at_Strait ofsBelle Isle study sites....

von Bertalanffy predicted shell length/age"
values with observed mean shell lengths-for
Strait 6f Belle Isle high intertidal . -
‘Maoedulfs...iil.

von Bertalanffy predicted shell leng:hlnge
values with observed mean shell lengthi for
Strait of Belle Is'e, low interctidal .
M. edul 1724

von Bextnlunffy yradlcted shell length/age
ell lengths for
Strait of Belle Isle,. subfldal
M. edulis...

Linear shell growth from last; winter
growth-interruption mark to margin of
growing edge -of M. ‘edulis collected




L . TABLE

.. TABLE

d © . TABLE

TABLE

7 'TABLE

TABLE,
TABLE

*. TABLE,

TABLE

Fadl Sy TABLE 21. ANCOVA rebults. Meat.weight vs. rﬁ’e/ -

" TABLE

“.TABLE

pla®

12.

13.

RIS

15,

16.

17.

18,

19.

20,

Linear shell growth from last; winter
, growth-interruption mark ‘to margin of
groving edge of’ edulis collected
in. August, 1981.

Seasonal progression of growth lncrements
in Stralt of Belle Isle M. edulls....:.r.

ANCOVA results./Shell width ¥s. shell
lengeh: high intercidal M: edulls

"ANCOVA results. Shell height 'vs: shell
length: high'inteftidal M. -edulis..esieeeees 78 ¢

ANCOVA results. Shell width vs
lergth:

shell
low intertidal M. edul teere 79
ANCOVA results. Shell hedght vs.
1eng:h~’ low 1nze=t1dn1—n

B
shell N
edulis..

"ANCOVA results. Sheli waight V8. lhell
length: high intéertidal M. edulis R -
collected in August, 198

ANCOVA resilts. Shell é}ight ve. shell
eduli

length: high intertidal
collected in November, 198!

v 48

ANCOVA results. shéll weight vs. ‘shell
length: subtidal
collected in, November, 19814ssieisossesssss 83

ANCOVA results. Meat weight.va: shell
. length: high intertidal M. edulis
collected im. August, 1981, S

Gaiey 84

length:

low intertidal M.
collected dn June,

edul’
1981 .

22. ANCOVA results. Meat wedght vs. shell . ' '
-i, léngth: subtidal M. edulls’ S
cnllectud n blwvamb‘er, T98Lleccasciosessssses 86




i . Gy A
k vidic -
¥ S 5
LIST OF FIGURES > g
] - -
- & e v PAGE < - - o
Pt 'vﬁ\uu 1. Map of Strait of Belle Isle stu Z £
p e area uruurmunung region ¥ 88
Ry Soa 5
FEGURE 2. 7. Surface water hunuu and salinity i . "

‘ddth °for forth,and. south’ sides
Of the Sprate nf Bells Telelyu.

FIGURE 3. - Percént.frequency of Hztflua edgu!
! ' in various spawning stages durinmg :
veheeas 92

SO SR June, August; end “oven)bex, 1981..
_FIGURE Shell length, f!aquencieu of ot % i
Strait of Belle Isle;/intertidal ;
©taMe edulis POPULALLONE.neervuvainiaeniose s 94
FIGURE 5. Agefspecific’ fecundigy in 'Stralt of Belle >
. . E r,n’e M. edulis populatiol - v

FIGURE e./ Gamete welght as a petcentage of . 1. - - &k
. g / total shell-free body weight in :
B . / Stzait of Belle Isle M. edulls..

R T

< FIGURE 7. Meag dry-weight biomass, abbadange A

. « z and’ reproductive output in.Strait of

. . Belle Isle M. edulis poplations....
o o - U

FIGURE 8. von Bertalanffy linear shell growth \ N .
' curves for high intertidal Strait of.’

Belle Isle M. ‘eduli

| between sites.

AFIGURE 9.7 'von nuuunffy 1ineat* shell growth S, S |

4 - )% curves for low intertidal Strait of - . o >

. Belde Tsle M. edults » 8

U . between sites...

PIGURE 10. von Bertalanffy linear. ahell growth’

" curves for' subtidal Strait of Belle
. £ Isle M. edulis: comparisons

bétween gites. ’

cnmp&rltnn!

5

; : Ul e

4 i FIGURE 11, vop Bértalanffy limear shell growth | ', e |
. <, curves: comparisons, betveengfidal

SRR . 1oei

levelseoouss




. n}c;ftu 15.
) e~

JFIGURE 14,7

. edulis

FIGURE 16.

FIGURE 17.
oo
PIGURE 19}

| PIGURE 20.

" Intertidal . edulis.shell
‘morphometric comparisofts betyeen

‘snau weight vé. shell dength

populations

weight on agé comparisoms between
“tidal level 3 f‘:g’{rnll wof Belle I
Bell¢ Isle M. edulis popululionﬁ-.

Y. edulis populdtions.::
5 ¢ %
FIGURE 18.-

ites: shell width vs. shell
d shell heighf vs. she
Iinear regressions. .

allometric.growth curves for
Strait of Belle Isle intertidal . f tR
and. subtidal :

Shell weight.ve: age curves for

fatertidal Strait of Belle Lsle Th A
Mo edull ok gntnh i

_—nr e . . 2
Shell’ weighe ‘on $hall length -n4 -hgu s, et . '}

.
Segsonal changes in_sh, 11-\1“«1‘

length relationships™i of - x B

Neat ‘wedght vs, shell length allometiic -
gl‘owth .curves for intertidal and ulﬂﬂ:ldnl
<~ A

Meat ueigh:/vu. age grou(h cunves!for’ :
strait of Belle Isle, lntertidll K
M.

Comparisons 'of ‘meat weight vs, shell - - t
length and age between tidal levels: .-
for, Strait of Belle Isle M. ®dylis-
populations....

Séasonal changes 1n’ medt wetght 1a

tnfertidal M. edulis..:.on ;
L
L . . E
R s
2 . ¥ 7 pa . I
R 4 2 ~
Cow
‘ . - R
W o \ ‘ ,
EY w5 2 5
s S TR S
3 2 N
K




” o . .+ INTRODUCTION

-~ & ke ) -
th. » & The eEthck ve tanparsivre bt nuuho%ﬂ poikilotherms
. A

i (evg. . Sparck, 1936; - Bullock, ‘osss Tuylor, 1964

Kiane,
1963;  Newell, 19695 Newell and “Bayme, 1973), and e
pec,.flcnlly ;rn me!sbanc rate fanctions” in Mznlun edulll,
hal jo— subject of: con-;du.us ioterest for™ many yents
(Loo,.uoff, 1962; ‘Widdows and -n‘ayn;, :1971; . Bayne, 1973;4

| Gabbott and Bayg, .1973; “Widdows;' 1973). - Metabolic rate
\ . 5 !

~functions® include ,hu:c, ventilation und‘tu:nuon. .::s,"-

_ linear shell growth rates and growth of rup!oductl_ve ptoductl.

The preuen( thesis  compares “iinear. shell grow\:h and

repxoductivg output in populations of the blue mussel.(Mytilus °

" édulis) on™ :he Iz
dylis;

sides of the Strait of Belle Iale.

thara s 1a ‘an

extensive utu.m&:e ‘on. the ' aiffering.

e brligied ) of poikiloth, t ¢ 1 sthetr
) o mg al wu po otherms to .compen. n e (acc mate)-their

i T metabolic rates -for differences in I:empz:n[ura.» uuu‘ of this

—
literature deals with the m;tlbolic(rltz funetion heart,

) ventilation _and . filtration. rdtes/,(see ‘Hum; 1976)

Conpensatory  adjustment " of - ‘growth rates’ to changin

. . ‘temperature, - although ure,'nn_ heen reported previously

w: (orton, '1923; Dehnel, 1955 1956)/ Dehnel (1956) repork

CaN .gimilar growth rates between Alaskam Mytilus californianu
. o T i

-4 . ~

4 9. C€).and Californian M.~ californianus (at 16 C), howevdr,
i . N ‘

| - latitudinal or seasonal acclimation of linear shell

I i .rate in umubsels  was observed by 'Hum (1976). Linear shell

v
grovth.rate w

gréater in mussels’ from the moret sou

R




-

(yarmer  water). . 1u.1,u:ei, Bayne .and- Worrfll ¢1980)

1dnnti££ed differences in overall grawth ratesf. and: fecundity
%

Berveen  two musal populutiuna. These differences were

_related to ugfeuncu‘u temperagure and datton ' betwéen the %

two nitu« In/ ode cas‘e, Dehnel (l?SS)'repor::d higl\er ].stval

growth rates (incmung shell growth -rate), in % northetn

.populations vs. southern Populattons of several species of

Jrirceasiic 5z

.In M. edulis, linear shell growth has, probably been. the

most studied’ metabolic uz'e fusctdon, ,particularily as a

funétiod of temperature, nl:hough" the influences. of .. other

/ parameters .on' growth “have also be,en zxnmlned (e.g. tidal

exposure; . wave - exposure,, light 'lntu»el:y, salinity, food

sbundance’; po‘p{.u Lon _density). Although ‘there’ is’ ‘an
exhaustive litaratnre on growth ‘ut&! (BEE Buyn;. 41976“)); it

is often, not sultable- fur copparative purposes as techniques

of ohnervnion ang recording, and subgequent. analyses differ - £
i d

(Dehnel, . 21955). since M edulis has' a2 wide-latitudinal
distrih\ltion ¢ Aretic to North Carolina ' and to ‘California,

Se:d, 1976) gt must haVe either excellwmt thermal acclimation

of metabolic rate functions or a wide tolerance  of different

metabolic levels.

1o my study, the Cea) ogrlpl\lc t\n. of ‘the Strait. of

Belle Isle .fgoxded the portunui& to:compare growth in M.

edulis populu ons over a large temperature difference lnd a |
edulis 8 i~

small lutttud(n;} range. Huntsman: et.al. (1954) ripoce o
southwest movement of arctic and sub-arctic - water. slong .the
north .side of the Strait (Labrador and Quebec shores), and a

>

i




.progressive.north-easterly movement of warmer, Gulf of St.

Lawrence water. ‘along the south side (Na'vfoundlang'sho;g).

Despite the dynamic nature of water floy in the Strait due . tod

. variation 4n. meteorological, conditln_n§< along with seagonal
" N\
changes in flow rates (Juszko, 1981), ther is a surface water
» 5 d et
':enpen{uu' differenceé; (4-8 C) between thé tiwo sidés of the'

Strait. 1In general, surface wateis along the north .side are

. in  the l9-32%-51kﬁ![y range with . salinities--6f 33-34%

‘l:hn!_actexizxng the séuth side (Huitsman et al.,~T954).

) In my study,. the question vas k. St temperature
affects grovth rate, Rather, &t was of interést to determing;
'i~or. a relatively sedentary be;xthtc ‘organism such’ as M
;dulls, vhathef o qot ‘differences  in growth rates (shell
growth ...é_ growth ¢f soff parts) of da yeproduction " could be
detect’ed within' the  context® of- Jthe specific temperar_ure‘

gradient which exists betveen thé two sided of the Strait. I

/hypor.heu!zed that the magnitude of the temperature difference

TN between the two 'sides of the Strait of ~Belld Isle. should

emerate differences in linear shell growth mates along with
possible differences n ERP S UELT, FroCRRENe S e | timing
of spavning, fecundity) between the two'sides. The st\ldy‘:\‘ua;
undertaken to, compare growth processes in M. sdbiis evon BOER
sides of the Strait of Belle Isle to facilitate a téat of my

{ypozhuu; . i ‘w




S — ’ 4.
' MATERIALS! AND METHODS "
. :

FIELD WORK - :
7 / Lo
£ The Strait of Belle Isle, approximately 118 km in . length
% (Huntsman et al., 1954), separates the island of Newfoundland

from Labrador (Fig. 1). The narrowestépoint is 18 km wide
. N \

(between Pte. Amour and Savagé Cove), afterwhigh the Strait |

widens progressively towards the north to approximately 30 kam.

Samplifg took place during four fleld trips in 1981: May,

15-22 (Iinited sampling), June 15-30, August.1-7, and November

17-24. Four sample sites were selected during the May- trip,

one site' from each side of the Strait acting as a replicate.
Tub.were situated on the north shore (Labrador ~and Quebdc),
and .two on the south shore (Newfoundland). e tdo nofth:
shore sites were Pte. R LR AT 51%27', 5651 w ),

and Blane-sablon, Quebec (. 51° 26'N, 57°14'W ). The fouth

shore sites were at Anchor Pt., ( 51°14'W, 56°%8"W ) and Black,

. ] -
Duck Cove (_.51° 12' N,” 56°°48'W ). The-May f£ié1d trip was

‘pfimarily to select samp¥e sites, although limited subcidal

sampling was done at Pte. Amour. Intertidal*sampling was not

+© . - "‘possible because of the ice foot.still present on shore in
o mid-Hay: Quantitative sampling place in, June,. August,
., and November. T T ' i

An attempt was made to select sites with similar vave

) . exposure and intértidal topography. All four sites Are wave.
exposed rocky shores. The intertidal zones are expansive and

‘ . .

&



L, . . N
.
eoly sloping, with the exception of Anchor Pc., which has

'ty irregular topography, pur:i}culsrly in the' low 1nterc1dn1.
Vertical tidal ranges are on the-order 'of 1.2-1.5 m. The rock

at these sites. 18’ a mixture of limestone, sandstome, and"

granite.. ALl sites are structured fntertidally by"rflatively
£lat rock surfaces, often in ledge arrangements, with gecticis
of rock often méering at different levels. The relatively ;
flat surfaces are cst A irregular fashion by numerous
erevices, puuculuuy' dt Pre. Ambur and Anchor .. Pre.
Amour, which has the’most extensive ‘tatectiqat zone’-loﬁ{wuh
Blanc-Sablon, has flat rock.ex en;ung out past the intertidal
Zone at shallow depths' (1<2 Seters) for 25. meters,® at® which
point there 13 a sharp drop to water 3.m in depth: =

Blue mugsels:(Mytilus edulis:

were found ounly at ‘the
¢ e 8
point where the rnck wall and’ subbtrate met (angle of

junction). At Anchor Pt., in Juhe. ‘the dropoff .occurred at

the. edge of the intertidal zone and .blue mussels vere again

"found only within the lmmediste vicinity, lining the Jjunction

s °
created” by -the 'rnck wall and bottom rock subatrnte. The
intertidal flora at all fau! sifes 1s generally dnminnted by
summer annuals which re-colonize’ follovlng 1ce scouring (Bob

Hooper, persopal communication). uyu-enuuve-'upedzes

include’ Urospora gens.cuufornu. Chordaria flageliformis and

Hald¥accion ramentateum. Fucus spp.. persist throughout the
Bsld¥accion ramentateun- Fucus pghont,

‘,eu within the intertidal zones.

Both high' and- low' intertidal samples were collected.
'High intertidal' li\mple! were taken at the uppermost limit of
mussels o that region of the shore, which was above nid-tide’

, E . ; 5

W
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|
|

. \
level. 'Low intertidal samples were collected at approximately’
,the level of mean low .water (MLW). Subtidal samples were
collected by SCUBA from a depth’ of approximately 3 m below MLW

at Pte. Ampur. and Anchai Pt. ,'fn both June and November, and

at Blane-ablon, ih November only. At Anthor Pt., rough sea
. (. 5§, 0 . .
conditionf at the site sampled in June prevented collecting in

y P \
Novenber/ an -alternateslocstion was chosen on the protected

gide of a poin®” lpproximutely 200 w from the June dive

location: Thxs area ' was gently sloping with'a cobble/small

rock/aubsttate.. The depth was approximately 2 'm 'below MLW.

In contrast to the other subt{dal sites, this area supported a

large ‘'blanket biomass' of blue mnussels .along:- with a

relatively abundant Asterias/Leptasterias predator population,
someth!ng not observed at the other expcsed sites.

supung or Mytilus edulis was usually conduct&d ualng a
0.02 = %200 ca ) quadrat; however, to ensure adequate fample
sizes, Bigh facercidel sauples from Pte. Aap i Jus HEA €6
be :allected without a quadrat. Two replicate samples vepe”
collected from each tidal level.. Within a given tidal zome

mussels 1living:- on the seaward :side of rock supfacgs were

gollecte Selectivity was = necessary  because of the
heterogenous topographyt Mussels- were placed in plastic bags
on ice and were transferred directly tq a lnbo"tn:‘;y freezer
An;‘.kept there -'mu{ analyzed. D) -

The dntertidal musded populations at these sites,
particularily at Pte.® Amour and ‘Anchor Pt., are predominantly

cravice or_ refuge -populations. Because of.| the dnnlnlm:'

influence of dice scour within the intertidal zone mussels

C ' fU




‘‘collected

| ) . A H 7°

i !
exist {n relatively densé aggregations within large crevices

in! the -lower intertfdal. In areas’ where vave ‘action is
suffictent o provide’ the Lower individuals with aerated water

-and | adequate food,/A cluster of mussels up to 25 cm’thick can

devellop. Uspally /the cluster is anchored to the substratum by ’

the 'byssus -threads of relatively few /muvidm}s, with the

Il £ !
majotity of inddviduals anchored to, each others valves and
) . .

byssus threadf’ (Dayton,. 1971). Aggregations at the Strait

sites were’ jusually 10-15 cm in thickness. The mussels

ithin these aggregations inkluded specimens £rom

the top, Bgttom, and

dle of 'clusters and  as a .result,

‘density-ipdependent growth. of ‘topalayer mussels. could be

obscured /by density-dependent growth of bottom -mussels. A

linited

attempt.. to 1identify such growth was made through

Analys?’s of ‘separate-growth of top and.bottom mussels.

face temperaWigges at time of sampling were recorded

with / a mercury thermometer. . Limited local:

Leiﬂp/érinural;nlinlty‘ data (July-October 1980) were obtained,
couftesy Lof Brian Petrie, Bedford Institute of Oceanography,
frdm current meters buoyed at Il m depth on & tramnsect between
Savage Cove and Pres Amour. Avetnge’ sonthly sea surface
(1-. upper 1 m) temperature ‘estimates for Pte. Amour and
avage ‘Cove  were obtained from data collécted b5 Bob Hooper,
Menorial University, Ne@foundlsnd, over 4 period of - several
‘yeurl- In nddltl(;n, 'u'mugd thermograph temperature 4;,“ vere

colleqped from the Pte. Amour intertidal zome. mid-June,

two thermographs were placed within.the mid intertidal zome,

‘one at Pte. Amour, and the.other at Black Duck Cove. On the
. . :

-~

1



L

v

- s e i . 8
August trip a complete thirty-day recording was recovered from

~ =
Pte. -Amour; however, no data were recovered at Black Duck

Cove due to an 1instrument malfunction. The thermograph at

r? Amour was refitted with recording-paper and placed back

into positioh;- however, between August and November, it was

lost despite a apecially cofstructed anchoring device. .

“LABORATORY ANALYSIS
g \

Were thaved -for size-freguency
. 3 T

Samples of M. . edulii
/

-~ analysis. Sasples were first scrutinized with a-hapd lens to

length (paximua’ enterior-posterior distance), shell height

“vernier

oo\

'State of the Gonad - ) - . . =

The posteriop adductoy muscle was severed and .the shéll '

valves “opened” to ' expose the.mantle cavity. The' macroscopic

condition Of the mantle tissue was noted for all samples with

the

icroscope. A qualitative a

of the gross reproductive |state of the mantl&®tissue based

upon mantlé colouration;| and through examination of mantle

v >
(from. hinge to dppositle’ ventral. surface), and shell width,
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F X - : i

: tissue smears:the presence.and extent of coverage: of genital
follicles, and..where pBssible the 'degree to which they
contained morPhologically riPe gametes (f.e. ova - dfe =iceons . §

in diaseter: Bayne, 1976a). At the same time, a qualitasive '

ade of the overall condition of the meat

- (shell-free .body mass) wusing, a <lassification scheme of

thick,thi ntles were found in mussels

nd very thin. Thick

_with heavy gamete investment (i.e. pra—l)uvnln'). The

/unaenyanbunéu surfade in these specimens was not visible.

Thin mantles were dot necessarily found in post-spavned

nussels, ‘nnwevu, the nq,n:!.e was 'thin enough 'that ' the -immer

shell surface could be detected. Very thin.mantles were found

s fn post-spawned mussels and vere transparent.

at  (shell-free body_.vex;lll) content of  each ot
individual wmussel was placed onys u-n‘-xuo-co{u slide and .
. -+, dried at 55C to comstant weight (2 or 3 éfy.y After drying,
—————————each-siide vith seat vas weighed to 'lthin:‘lccurrlny of 0.1

=g, then let.pcd vuh.a clesn and re-veighed without the

t. " Thé Uifferemce was twe meat dry veighf/of individual

: oe ; =) \
els. Right and left shell valves .vere 'air dried .and

1ndxvuu.uy -ugned to unm\ an accuracy nt 10 =y 2

Agking of Mytilus edulis - s i

There are two classical methods of ageing, M. , edulls. .

The oldest 1involves.  the counting: of external, annual’ (‘

[ growth-interruption marks. These external shell 'check-marks'




growth, .a a1-naa:1nux:y \nf pre= and post-di

“disturbance check- mar

check-marks vere ' made wieh calipers. In this

\ R . 10

are caused by pllllbdlc nnngu in linear n.eu growth rate:

rglltivg to increase (n lhell ‘thickn

. They 'hne nuzerous

ultimate causes (e.

winger cessation, of groweh), and result from the mussel

withdrawing® its --}tn and closing its valves for s perxoa of

timé. - While linear ygumm has thus .ceased temporarily,
\

increase 1in ‘shell nacre thickness 1is cuntlnuoﬁl (Field,1922),

so that when E-vournhla\growth conditions again exist and the

wissal wxtauds $98 mAstis edge and. fesumes .linear shell

urbance outer

shiell layers oceurs. The result {s a ridge,or Broove with the

distinctiveness of the |\l"o.ove depending wiva 166 . weverdsy or

vt . 3 ; 3
length of the growth interruption. . Mussels in the size range

3-14 ma, too small to secticn or grind, were observed under a
: 5 ( 4

dissecting '‘microscope -nd distance measurements to ekternal

35

aussels (2.759.6 -l)'fro-\Pte. Amour .and 63 mussels (2.7-13.7
mm) from Black Duck Cove (June, low intertidal nulpl=l) vere
analyzed. The external, shell chéck-marks were placed imto two,
:‘:cegnuu: 'well- deﬂne‘d' u'm_! 'distinct'.. ‘Well- de“ned

check-marks' were -bnlpt nh.nguip shell thickness resulting

in sharply delineated grooves, which I° suggest were anaual,

winter growth-interruption /markss 'Distinct' check-marks were

not nece \gruy anndal but

d wefe not’ as obvious to the

oB-givgk‘ ‘
Mossop, (1922) '1ists .the disadvantages associated with the
{ ; : ‘

counting of. external shell annual check -marks:

. roigh wave action, spawaing, snaual

A i )
could also have been spawning, or



(1) Exosion of the shell surface obliterating

check-narks.

R . ‘
(2) The difficulty in disn?guxsning annual
(vinteg) check-marks-from other disturbance check-marks.

-
/xrka at the

(3) Crowding of external check-|
/

srowdigledye ta oiisr husselss \

Here, however, these potential problems are/Lminimlzed.- only

young mussels wére being investigated, and thus check-marks

were ‘meither crpwded posterdiorly ,mor. worm _anteriorly;

furthernore,. in . north' temperate mu}sels, winter check-marks

are usually well-defined due to'a 1onWmuh céssation

psriod (Luhinlky, 1958; Theisen, 197 Wallace, 1980).

The ‘second method 6f agetng bivalvés favolves  the
counting of 'internal growth lines or bands (BarKer, 1964;
Pannella and MacClintock, 1968). The formation of  the

tnternal growth fime #h M. edulis has a different cause Fhan

external shel

eck marks (see'APPENDIX A).
Selected. m..k shells vere aged using & modification ‘of
the thin section technigie dncrxbed by Clark (1980). A

‘single “aiell yalys wasrsectionad vicha brass lapidary saw (1

mm . blade l:hlcknesl) beginning n the umbo and cutting through
counnds-bne postero-dorso margin. Shells < 15 ma in sheLl
length wvere ground with &hndpaper (ltha’r than cut. One edge
of the section (dorsal or ventral surface) was cmnothe’d with
carbozusinm pnlla?;lng grit. (800 grade) and faitened to @
petrugrlphil‘. glass microscope slide (27 oz W mm)  with

apoxide. Fesis and hardeners This hatdened on s Hot-piate £or

630 minutes. 'The altde wa ¢Placed on the, swingarm of a




& u o1

Hillquist grinder equipped with a diamond\impregnated brass
cup wheel, dnd the thin section was ground until it was almost

thin_ enough to fransalt 1ight as vieved under a compound
Lo N

mictc:inope/( 30). The resulting thin ne\ction ;.. fine
polished  (800-1200 ‘carborundun polishing g;‘lt seriés) until
n}nsg@;gn:, saking grovth lines distinguishable.  The thin -
m':xé,@yu placed under & compound microscope an \\': drop of
alcahol'ldded to, uprou nsolu!iun. Pigmented growth Linmes
were = counted alang a ‘transect nuu%ng frogfhe dntsnl to the
ventral suéf.:e, as close as  possible to the. dnterior *eid
(smbo) in order that the First grovth line would be counted.
- Each growth line was 1ntetpret.ed as unuu,, as described by
LitEs (1976)% v Age'ves SNEL1 lehgel-dara vers Iccumulaled in
this mamer from ' spproximately 460 ‘aussels from thé our
sites. R - B (
In cu'nj&gmclen.u{:n\mnenu'x'ggmg,'muassu,vg'ze placed

fato  categoriés of aEbiEh: “Iiiel Froprsabien (table 12),
following the method of Jomes, 1980. There are two types o,

repen’tlnx, internal’ grouth structures ({ncrements) present

Within the ianer shell layer of

edilis. According to the

terminology of 'Jones there are growth bands (GIIL) which, in

the case of M, edulis, are the widest of the two ‘types and

are " generally a -uniform white or pale brown colour, and there

are growth lines (GI I) which are generally narrower (fxeept

often &t the posterior end of shell thin sections) and are
dark '~ brown in cawur. To 'best 'represgnt the aeu%:\nl

a,b

progression, GI IX was subdivided Sto three :.:ago:u
and ¢, which represented the order of increasing thinkneu of

i
!




the growth pangs [OL Ivaa moe divided into categories and ‘¢
represented the stage at which the growth lige (GI 1) ;nu‘ just
visible. These categories vere analyzed in order to prm—
the seasonal progression’ of growth' increment forsstion, to

assess synchrony within the population for the deposition of

the growth line and to determine the degree of correlation.

" with the apuwnlng cyele. - 3 v A
: 2 r
Seaaonal, linear uhell growth cuuld only be -nused?'tn a
11m1url extent,  Estimates were obtained by measuring the : B

atifence. fhm the la-:,' externaly winter check-mark to the up

of. the growing. edge -af Individual shells for June 25 und, B

'fnr twestigating ‘seasonals

_August 7 samples. The - rea

growth were, firstly, to see if “there'vas Linear ahell grovth
betveen winter growth cessation (iie, uecemnr'lJ.nuuy) -nd
the time of fArst samplitig, near the end of . June. Buch gtuvth § L
is particularily lnce‘(eltlng from the polnt ef.vvle\l “6£ : the

north’ shore mussels, .uce%surnq‘e vater temperatured from

Janyary—April are in the —1 to O Crange, and in the May/June
period “aré 1 :he‘_ tange of 1-4 C. It has been suggested
(Lowssnof, 1942) that. lngar lhell\growth in M. Ah.us is
negligible at tempiraturds  lass 0\11: © 5 €. Sécondly, 4

differences in linear shell growth rate-between ghe two . sided

of the Straif, over the periods winter to late June snd wlnter ’ N
tor enily dugser; sfght bu ‘attcibatable to ohenariier urfrce ,
vater warstng on the south shoze (12-14 C 1n lafe June) and <
thus s £aster -u;,z/ on that séason's, grovth. Seasonmsl growth |\

- was gxamined fa the arbitrarily chosen size groups:}5—30 nm

ahd.31-45 xm. ’ s
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. STATISTICAL ANALYSIS 5
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LN .
von Bertalmify g(nwth curves vere generued gor shell

" length ve. age ﬂn'r.a for ‘T1: groupil\gs of N upn-ennng

oy h ;

the" different, v:ices apd levels ~for . the .hmer-Auguut

(munuu) ua' Novenbe!

(subtidal)-sanpling perisds: . The

cu!‘vel were dexived vip a.'SAS (Suus:icu Analysis Syut‘em;

llzlvlgn and Coum:tl, 1979) caupu:u package program (Hltqulrdr_ Lk

& = mer,harl) whun provides liymptuti,c 95% canndenu intervnls tor.
k . :ne von' Bertalantfy ,y-umetu =at1macea ©'le, Kr5): It was- .- i
“ 7 V' 7 orfginally tdtended to use’ mussels’ fron' Just one mouth's

collection for dezivl’ng growth-nurve's;' hovever;. after

2 plogting hn(h e August 'lenglh vs. " agg da:.“ it vas. .. "

ducovned’ I:ha: within-month vatAnbillty vas as greu: as nu:

3
etween sampling g In other words | any 1ncrense in shell

ndividual vardability in grovth rates u!thln both’ August, md

ngth of August. mussels’ over Juiel umplel vas mukea hy
|~

i, | Fors ehis ramdss, Tats Jane sid early hugust data were
combined tp generate, von ».naunri\y \ﬂnum cuives . for

intertidal mussels. - November data ilone vere nud_\in duriving POy

g i!lnnc-s-blon,' ‘ahd Anchor PE., as ‘it vas Eelt that the grovug, i

A"!!owih"‘curvu for subtidal muabels‘lc‘-l’te'.‘ “Amoir,: ¢ i

perind be-cwaen June and Hovem\nr was gj-: to, jnuuy

pooling cf both d.:- DTS generating the growth curves,

four June data poinr.s were . excluded trom the * age Vep' length




populations of M.

‘collected at the ‘same tidal'level. ¢

data for Black'Duck Cove low intertidal H.. edulis. The four

excluded points Iay well below (8-10 mm) the remaining data

points for the corresponding year classes, perhaps dué to a

comblnatlnn of slow growth and one month lhortet gruuing time
than for August mussels. :
Plots of shell width vs. shell length and shell height

ve. ‘shell length, were made for high and low intertidal

dulis collected in August from all four

sifes. Least | squares regressionw lines were fitted to the

data. 'Between-site morphometric comparisons were then made

tXrough analysis ‘of  covariance for™fussél populations

Aljometric growth curves were generated for . meat

“dry-welght ve. ' shell’ lemgth, and .shell weightVws.” shell

Length, following the method of Ricker (1975). The least

squares regression technique was used. 'The" equation of the

; : b i ] v s
allometric curve. is W=al’, 'where.W represents weight, ‘and’ 1L,

length.  Regression lines were generated for log meat weight

ve. --log shell length and log shell weight. vs. log shell
Tenjth “daes using the MINITAB computer package (Ryan et ale,,
19813, The ll‘y]ze“ o8 ‘ths - reptesatan line 1g "b' 1in the
Gasstom,  wEs whe bewelss de die Cyemvelewt e _the
regression line is Loﬂulen‘:v'u'. Analysis of covariance
computer ‘package; ° Nie &t ;1., 1975) was
pérformed on regralllon lies and used as a .1gnu1c-nc= test
for conplrlng ¥, edults popul‘tions at the same tidal levzl

over_the same sampling periods s:;or to . perforiing ' ANCOVA,

slopes of regression limes to" be compared were tested for
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ho-oggngxzy\nrough -ull(ple regression - analysis  (SPSS:

Statistical Package for /e Social Sciences).

Replicate ples collected from the same tidal zone were
ooled 1in order ' tol generate allometric growth curves. Meat

dry weights and shell weights of these replicate

ples were
_ compared by MfBOVA to asséss within-tidal level variance. -

In addition, with one low intertidal
5 el

ple collected in
November at . Blanc-Sablon, meat weights and shell weights of
top anf bottom layer mussels within an aggregation ‘were

compared throlugh: ANCOVA. g7

.Fecuiidity, Meat Dry-Weight Biom and ‘Reproductive Output,
. 3

Fecundity is that amount of ‘the body mass which is

gametes- (e or ‘spers) and wi

calculated indirectly from

-pre-spavning/post-spavning meat  weight changes uun.],‘

_allometric  curve predicted values for  meat wedght

(criffiche,1977; Thompion,1979; Bayne aad Worrall, 1980;
Xautsky,1982b). Biyne et al.(1983) report that their tndirece
idiesat eltllmon methods produced comparabie Tesnits,
\ecnnd!ty vas expresshd as a fun:tlan of age, where 1en;m/q¢
data was, diirivad Erom Vou Baréaisnsfy groveh curves: In K. !
edulis, the santle (gonad) undergoes promounced seasonal
wélght changes correlated wich the reproductive eyclémuhile

2ne wesght of somatic tissues ¢

relatively ¢onstanc.’ I

- assumed therefore llllt (ll!le weight clun[tl reflect thlnlel &n

the gamete content of the mantlé: Percentage weight lo

at

D
'
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spavaing represented the ratlo of fecoddity to  total

shell-free body weight. s

was estimated from. size

Sample meat ‘dry-veight biomass
(kaqucncy‘ data’ integrated with allometric growth' curve

estimates of average meat weight for a given size class.

Reproductive output was then calculated as that proportion of

total biomass which is devoted to gamete production, fn. other

words the ragio of sample g to meat weight




\ State of the Gonad ’ S

L aantles. At Blanc-Sablon and. Black Dnck.én‘ve there w
i r

- large proportion of mussels vuh’:hx_g

.18

. RESULTS

Surface water temperature and salinity data on the two

sides of thef Strait of Belle Isle are shown in Fig.

Cumulative surfface water day degrees for the two sides, in the
B R B

vicinity of the sites used in this study, are shown in Table
1. Day degrees s defined as the product of mpan monthly
temperature and days, with O C taken as the zero reference
point for biological growth (Boetius,. 1962).

. . o
-

REPRODUCTIVE CYCLE

In late June 1981, the majority of mussels at all sites

had mantles with abundant follicles that covered approximately

80-90% of the mantle surface (i.e. pre-spawning condition)
(Fig. 3). Mantles 1in June were also the thickest of the

" three sampling périods. 1In the high and low intertidal zones

.at Pte.  Amour, a lar

proportion of mussels possessed thick

antles. Approximately

50% of the mussels encountered in the“subtidal  zone at Pre. -

“ Amour 'and Anchor Pt., also had thin mantles.. .
1 . .
There vas s marked difference in the state of the gonads

imens collected during the first week of August 1981,

consistent at all sites and both tidal levels. ‘The wmajority

a




n

* nussels < 1.5'mm in shell lenmgth were found in

A
N . y -
of mussels were 4in the thin or very thin categories and

appeared either partially spent (Black Duck Gove) or fnl\ly

spent - with either no follicles visible or.) .remnants of

fbllicles and genital ducts present. Approxxuately 5-25%  of

the mussels at both tidal levels had follicles which were

numerous snd full of morphologically ripe gametes.

I8 late Novesher, the grea; majority (60-100%) of mussels

'cnnguéd _at  all -.sites . and levels were éuixy-_.puﬂ'
(post-spawned) ‘and possessed thin or very ghin mantles,
re‘flecl’.ing very 1little post upav;dng buildup -of reserve
material.

. There were also a few mussels’ (approximately ,15%) |

. - i
vhich had follicles full of, ripe gametes, - although such \

falliclea were sparsely distribated throughout the mantle. |

§uh:id-1 sdmples vere.not collected’in all three

months; \
however, of the samples examined, the same pattern enmcountered \
tn the high and ‘low fatertidal zones wasf reflected 1in the |

subtidal zone. . E § . ‘ ] ’\_\

Settlement

\ | . \
Table 2.shows the size and abundance of

smiller than’ 1.5. am were \

settling during 1981  Mussels
assumed to havé settled between August and Novémber. Mussels

E N
in the 2-5 mm range were found in lbundance in June,

and November (Fig. 4).

Duck Cove; particularily T e, og AntescTasi’ sons whare

concentrations

August, i
“
lleuviest. settlement occurred at Black
|
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