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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.
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” 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
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- 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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: 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
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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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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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o2
equivaleat to 15,000.a . Al!hg\lTh at Pte. Amour and

settling in /tke high .

intprtidal, significant nuabers settled in the high intertidal

Blanc-Sablon there were few mnmussels

at Black Duck Cove. In the shallow subtidal at ~ Blanc-Sablo'
mossels < 1 mm in shell length were numerous, whereas, im the .

shallow subtidal (3 m) st Pte. Amour,

11 sudsels (< 5 mam)
were rare. All small unllekl were found on adult mussel beds

and therefore represented the secondary or fin. ettlement

phase for Mytilus edul

Fecundity <
= [ s e

High -Intertidal . i i
&, 22 9 3 )

A% 411 sites fecundity increased with age, although at

Blanc-Sablon and Black Duck Cove this increase was very
i 3 =
gradual (Fig. 5). At Pte. Amour, fecundity increased

xapidly for mussels aged 2 to 6 years, gradually leveling off |

past this age. <

v L s
" There was a large range in fecundity for any given age

|amongs{ _the . four ‘sites. - For 'u--pn, for 6 y‘an olds, the

|
range in gamete weight spawned was from 14 mg dry ‘veight at

Black Duck Cove' to 93 ng d!'y weight -at Pte. Amour. Pre. 4
., ‘Ampurymusssls had the greatest fecindity 4t any- piven abe;

with a maxisun ee’ dry we. SP115 ug st age i yearis

a lnmp. far below these feeunduy value , with post-spa

Anchor "Pt., Blanc-Sablon, and lllek I'hu:k Cove mussels 'uru, as & l °
; i
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weat weight loss at these three sites being about 35, 22, and

14 mg respectively, for six year olds. v ey

e N

¥y

Low Inpertidal ] A

Fecundity increased with age and was gr;a:e-: at Bte.
Ambur. At Anchor Pt., and Black Duck Cove fecundity increased
rapidly up to the age of 8 ‘years.  The same u1;nar‘,’ah1p
Siuated 4 BINNE=SEbIAN: H6E Wasd SLERE Chav GIFeAER, AW ye11,
there was a large range in fecundity values for. a given: ages
ranging from approzimately 23 mg at Blenc-Sablon to 160 mg at

els.: e

Pte. Amour, fof six yéar old mu
3 * : N

Although there was a large range ,1n"f:=undny between

‘sites, the trend nonetheless was for fecyndity within a'site
to be highest in the.low intertidal (Fig. °5).
. . . | =

2 ge Body Weight (Shell-Free) Loss at

High Intertidal
Percentage weight loss in mussels was greatest at Pte.
Auour, followed by Blanc—Sablon and Black Duck Cove (Fig. 6).

At these three sites, percentage weight. loss decreased with

e, For 2

age; however, at Anchor Pt., it was seen to Incre

year olds, values rgngéd from 25% at Black Duck Cove to 75% at
N

ISR

e



' was ‘made by mussels in

| numetically at some st

£ ' . 22

3
Pte. Amour, and for 6 year olds, from 20%,at Black Duck Cove
to about 50% at Pte. Adour. With the exception of older
i b e
Anchor Pt., mussels, percentage weight loss was mugh greater

ur than at all the other sites, for all ages.

at Pte. A

o

Low Intertidal : . . (_’\

At Pte. Amour, for

 mussels'< 8 years of age, percentsge

_ weight loss was greater in the high futertidal than {n_the low ~.

intertidal (Fig. 6), however, for'Black Duck Cove mussels,

percentage welght loss #t spawaing 'was greater fa the low

intertidal. In the low intertidal, in contrast with the high

intertidal, percentage weight loss gevealed a decreasing trend - e

with age at Anchor Yt., and an  increasing ‘trend at-

Blanc-Sablon. For 2 year olds, values ranged from'40% at
Black Duck Cove to 58% at Pte, Amour, and for 6 year' olds

from 18% at' Blanc-Sablon to 43% at Pte. Amour. o #ith

’

Meat Dry-Weight Bio and Reproductive Output (Table 3)

The major contribution to meat weight biomass (g/200 cm )

e larger size classes (> 20 mm), in

spite of the fact that syaller mussels (< 10 mm) dominated

(Anchor Pt., and ll“lck Duck Cove in

the high intertidsl, and Pte. Amour and Black Duck - Cove-_ in -

-

the low dntertidal zone) (Fig. 7).

- ? -
/
?



Low Intertidal .

Biomass varied from 5.6 g/200 c-zlt Black Duck, Cove to
20.2  g/200 ‘c-2 at ‘Anchor Pt. : (zio—mm,/.‘;. 1f the
con:ruu:u)gé/nn/inn mdde by gametes is ‘consfdered, values
at Kachor Pt., and Black Duck Cove were simtlar (33% andid5Z,
respectively); ,whereas, on the morth shore -of  the. Stralt,

reproductive output was 46% and 16% of biom

‘and Blanc-Sablon respectively. AL Pre. Amour, for mugsels 20

about 60X of. r.nl-lf

in shell length, reproductive output w

blomass (shell-free weight) and at Anchor Pt., it was about

55% .

High Intertidal <

Biom was uniformly low in this zome (3:3, 4.7, and 3.1

; A 4
8/200 cm at- Anchor Pt-_, Blanc-Sablon and Black Duck Cove
respectively). Reproductive output, as a percentage of

biomass, varied from %3X at, Anchor Pt., to 20% st Blanc-Sablon

and 19.5% at Black Duck Cove. @

2
11.6 g/200 cm in the " low

Although

s . i .
. intertidal, as opposed to 3.7 g/200 cm in th'e high intertidal,

. analysis of variance  revealed no significdn difference

between the two tidal levels (F¥(1,5)=4.28, p>0.05) and this

was due to the variance within the low intertidal (s.d.=6.4).

“As’ well, thifg vas no significAnt difference (p>0.05) in

reproductive Gutput between the two tidal levels.

1Y

at Pte.. Amour Q
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®s1zE FREQUENCY ANALYSIS (Fig. 4)
lg - . N . .
‘High Imtertidsl E
b .
At Pte. Amour in June, the modal size class was 15-20
mm, while  4in August and November, the mode was the 5-10 mm
size class. In addition, the 20-25 mm size class was abundant
in November. : ’ )
r At Blanc-Sablon in both June and August, the. .four size

classes between 15 and "35 nm were evenly represented. In

June, there were no musaels < 15 mm in shell length, while in )
August there were mome < 10 mm. In November, the 5-10 mm size
o cldss was by far the dominant group’(frequen®y of 80%). In
add,in.;m, 4 wEa Sakter se wasaens fhERe 40-45, nm size class
(SWere <oéllected, the 1arge‘n'[ mussels found 1in the high

™ iitertidal at'any site. PRI

_Af Anchor Pt., in June, all size classes from 3-35 mm

¢ were représented. The mode‘consisted -of size classes in, the
. 15-25 am ranges 1In August, two size classes, 5-10 am and

10-15 mm, couy,&n’e’d‘ the' mode. A very small proportion of

‘musgels vere in the 2-3 mm range. » % S

At Black Duck Cove in June, the mode was represented by

All sjze classés in the 2-30 mm range

£ the 5-10 am size clas

wére-present, although sizes > 20 mm were rare. 1In August, :
the mode was the- 10-15 mm group. In November, the mode was %
& ‘the 5-10.mm size class. An unqu;n:xnefi, but substantial,
' , number of mussels < 2 mm were présent %
- o : ;




Low Intertidal. / .

In June, ‘dt Pte. Amour, the mode was represented by the
5-10 mm “size class. Mussels were found in the 2-45 mn size
range. In August, the cléar mode was again the 5-10 mm size
class. Mussels sampled were -all < 40 mm in shell length.

A

n

Blanc-Sablon in June, the mode was the 25-30 mm size
- clasg. Missels were .present in the range ¥5-40 mm. In

August, the mode was the“25-30 mm size class.. ' Mussela wire

_present gZom 1545 ma shell lengeh nl[ho‘ugh"syp.nrlsly‘nt stEes
> 35 mm. In Novembeér the wmodal si;e clase was. 10-15: mm.

) Specimens from < 1 mm to 35 mm shell length were present.
At: kibfior: Pex; dn dune; ‘thern-was no distinct \mode, aund -
size :Lunep from 2-20 mm were evenly Yepresented. In August

. there was a bimodal dideributich, with stzes ranging from 3-40

nm. g,
At Black Duck Cove in.June, the two size classes, 5-10 mm .

\ . . -
and  ¥0-15 amm, dominated. Sizes from .2 to-.40 um were

represented, although sizes >°30 mm were rare. In August,

there was a bimodal distribution, with ‘sizes x'lng‘lng‘from
"10-30 ma in shell length. In November, the mode was the O0-5
mm 8ize class with sizes >.25 mm being sparsely represenged.
Analysis of variance performed on abundance data. (J\ne
and Augist samples) revealed no significant differgnce betwee

low and high intertidal ghmples (F(1,13)=1.76, >0.05):




GROWTH < *

Linear Shell Growth

p - P

~Growth of Juvenile Muésels (low intertidal, June collections)

-
. The majority of small mussels at Pte. ‘Amour had produced

their f‘(,irst external check-mark at a shell length of 1.5 mm or
\ a

less (Ta"bi 4). Tt we consider Jjust those mussels in -the

well-defined first check-mack category (one year olds ?7), .we
£ind thit the mean distance fo this check-mark was 1.21%0.37
wa (aeTBy. ¢ MnnnquG the" second SHebKEHERE WeEW HEES
variable. Mua.sela with only two well-defined check-marks
(i.e. two year 'olds) d!:splayed a range in distance up to this
second sheck-mark of 231701 we (n=15). Black Duck Cove M.
edulis are similar (Table 5). Looking at only those mussels
with o well-defined Eirat check-mark, & wain drsednes up to
this check-mark was ' 1.0920.49 mm (n=28). For those muisels

uun‘;’nxy two well-defined check-marks, the range-in length to

‘the second mark was 2.2-6.2 ma (n=8). For mussels with three

well-defined .check-marks (i.e. three year olds), the range in

length to the third check-mark was 4.2-7.0 mm (n=8).

/

|
|
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’
Growth of Adult Mussels (Von Bertalanffy parameter values “&nd

coefficients of determination are shown in Table 6).
Between-Site Comparisons (Figs.8,9,10)

~ High Intertidal

; - 4

ears, mussels at Pre.. Amqur

From the ages three to five

(Fig.. 8) were approximately 3-4 ma longer than mussels Sof
“corresponding age classes from Blanc-Sablon, and, close to 6 mm
longer than similar  aged mussels “from Black Duck Cove or
[ . Anchor Pt. Past the ages of.5 and 6 years, however, growth
abruptly slows. Given the range in length within year classes
(Tablg 7), the initial, faster growth ‘rate of Pte.  Amour
mussels . is not as apparent. The same is teus 47 one qily
considers the Blanc-Sablon, Black Duck Gove, and Anchor ‘Pt.,
growth curvas: ‘In fact, there is only a 1-2 mm difference
between Black Duck Cove and Anchor Pt., n:n'vel. ‘suggesting no

difference. | . .
v . o ..

KLDH Intertidal | - . . ) .

| ’
Pte. Amour mussels had greater grouth rates than mussels
W thg Gther sites by roughly the same order of nagititude

s ’ g
difference in length as in the high 1n:erudt1' zone .(F1g.9).

lﬂlann-snblon and Black Duck Cove mussels ‘Ad similar growth
X »° . el




. rates. Again, considering the within-year class variability,

4t s difficult to justify a statement that growth:.rates of © N

mussels at Pre. Ampur are highest of the thrée sites. The - * ..

i

unusual Anchor Bt., growth curve is to a certain extent an ‘.

- 'uuf\rzy of the lack of data for. older age classes ( 5 6

ther :h-n"

years). Thus, the growth . curve Ao linear

-unuu, xnuuun. llltle\decten.: dn growth rate. over the '

s
first six, yun u this u:e.' This u-uu-d ln a nonrcredible : *

# " Leparameter value'.(486 mm). Al:hpu;h?cc. nm m:“:uu e

aussels” appeag to live.to.a.gre

2 nl’.??e three li:el, Il\lluell in the 10, \\, lnd 12 year old d s

es were raprelen!cd by - -1“1.: nh.nuunn e

Subtidal - -
- . . .

Overall, for the combined da

#» . . .be s 'trend for growth rafes to be-higher_ on efther side of the .

S strait of Belle Isle.

2 . 5 T el e R i ]
> o e -~ v
P \ & -~ . : 3




¥ Between-Tidal

S | Shell growth rat

(e.g. ' high
groups (e.g.
in  length  at

n:uixd‘u mussel

Level Comparisons (Fig. 11)

4 years),

decreased

intertidal<low

intertidal).

according

to

there is at least a 4-5 ‘mm

corresponding

» At Pte.

ages

'A“);.< x-u,.

between

ht
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gh

dal

dif

N
ol

level

In the younger age

ference

nd | low

lln) and Anchor Pt.

(ll“ 1lc), there is :lﬂu tq 8 10 mm difference in length at

age between high. and Aow taticiial mussete for the older .age

. S
* common festure at all four

- <. levels 1s' the

& phell .veights 9_( it

of ‘mussel ' cIump:
T

1

a . given y'e.‘x el

.

no «significant:

arge

iclagses (Tables 7,8,9).

variation

Tha overall,

sites and

at

all

average range in

tidal

in growth rates within year

‘iength g

» vlthin the ‘11 cutegorleu of lite nnd

efdal levél, wvas 10. 44109, nm.

(Blanc-Sablon low intertidal, Nov.

homogeneity of regression slopes.and

ne’ (ANCOVA:P

howéver, to detetmine 1f
shell.growth rates. b

Gto\"‘.h curves at all sites and K!.dll léevels indicate slow

> '0.05) T

\
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Seasonal Growth . 4

Results from June samples (Table 10) suggest ~little A1f
any differsnce in Erguth increments between morth and south
shore adult mussel populations, or Hatvien g it L%
intertidal nussels. Mesn grdwth increments for thia‘p‘er}ad

varied between 0.9 and 1.6 mm in hl&'. intertidal mussels, and

between 0.9 and, 1.2 um in low int@ypidal mussels. Subtidal'

Je -

‘‘growth increment  means 11\\7)1: 15-30 mm size class a

DA

.AN N

(appxox!mar_‘ely 2. mm) were only sugh:iy‘gieuu ‘than ja the
high and low tatercidal Sonas - ; .

High intertidal growth e S up) to -early A‘ugug‘(
showed a siatlar pecttern betvees north and sodth shores’ “(Table
11), wilh valu:s ranging betvess 1.5 and 2.2 mu hetveen sites
on _either shore. In the low m:ezqul ‘one, hovever,. both
south shore stctes had greatet mean growth ! imcrement values

ftes (3.1 on'and 3.8 nm've. 2.1 am*

FR
than . the two north shore
and 2.9 un respectively). However, for \:he ;15-30 on size

groups, t-tests revalled nd iignlficlnt diff\atencea in growth .

increment means betueen the tvo shores (P > 0.05). " Growth

s .
incremen' v-ri-ngu was' relatively. large, indicating large

variation in the onset of seasonal ~linear shell '\iyowt‘h. or

large unamxu growth rates ag these sites. i
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Seasonal.Progregsion of Shell, Intermal Growth Increments

(Table 12)

| ’ .
High Intergidal
In late Jume, shell thin sections from sites on both
shores revealed that the majority of mussels werg im growth

increment stage (G1) IIc (Pte. Amour, 100%; Blanc-Sablon,

1002

* Black Duck Cove, 73%). In other words, they possessed
s fully developed growth:band 4nd mo recently ,formed growth
Yigdo: SOne. mussal SuEon Blachk Duck Gové had fadv Bepsateed
growth line (GI I) while two other mussels (18%) were in stage
Ifb, as they possessed wz‘ovth band ‘which vas half the
thickness of the -previous years band. Thin sections’ from
semples taken during the first week of August revealed a
striking difference in the- GEoboEELbiNL epteuaTENtIGn OF Eie
two growth ingrement types. A Aarge percentage of mussels
from the four sites had either recently deposited lthe‘ growth
line (GI'I, 16-63%), or had deposited it earlier and were just
forkiing the groveh band (GI Ila, 12-56%). The pércentage of
mussels’ v-l|1¢!| still possesséd a fully formed growth band, but
which had not deposited a growth line, vas much lover than in

June (11-26% those

as opposed to 73-100%). There were alé
mussels, as in June, which' possessed a 'half- thickness'

. i p
growth band’' (5-24%) The  tgrm ‘half-Phickne

does not

necessarily imply 'half-formed' (i.e:  that -a. fufl half
inerement ‘is yet to be deposited before the growth line ia
: b ;
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laid down). In f

t, “thickness of growth baads varies

annually, particularily in shallow water bivalves (Rho

Pannella, 1970), and increments decre
mussels eater into the 'plateau-phase' of linear shell growt

Therefore, some of these ‘'half-formed' f{ncrements may have

been.fully formed.
2 N

Low Intertidal = - /\

In June, the situation wi

similar to, that im the high
intentidal, with one exception (Blanc-SablonY. At Pte. Asour

and Black Duck Cove, the majority of sels (89 and ‘80z

respectively) possessed a fully formed groweh band (CI 1e),
while the percentage of missels which had ucenuy deposited a

grouth line was low (3% and 15%, u-p.cuvuy). As yell, at

' X
Pte. Amour, 5% of the ‘sussels had.just begun to form a growth

band. At Pte. Amour and Black Duck Cove, the percentage of
-
mussels which possessed a half-thickness growth band was low

(32 and 5% respectively). At Blanc-Sablon,. a greater

_pe:unu} of mussels had a relatively recently deposited -

-
growth line (stage GI I snd GI.IIa ;' 7% end 43X respectively)

than at the other oites.  In addicthn . 147 had @,

halfthickn hlnd. while-only 36% of the aussels posse

fully-formed b-nd-_ In August, the change in “éompositivn of

tn the various growvth stages at the four
; /

as slso eyident from

was noted in zh\ high iullrtldll tun &
low flatertidal ' thin shell sections. While the-percentage of

. R

e in thickness uh’e
-

ftes that -
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.
mussels with a fully-formed groweh band (CT IIc) ranged from

17-47%, the percentage of mussels with growth lines deposited

N
since late June ranged from 3%-23% for stage GIt and from
40%-47% for stage GI Ifa. As well, from 7%-34% of the mussels

were found in stage GI IIb.

Subtidal 3 .
o J [

3 .
Shell thin sections were examined from the months of May,

Jutle and Navembeg/ 198i.° Only one sampie, at Pre. ‘Amour, vas

collected 1im~ May. 1In thls sample, 171" ot l!‘? nussels
‘possessed- a fully formed growth 'band.. Only .one wisseil
A fpedtal: tortave ui wiatdaRly Wordet EPowtH "une.‘ At Pte.
An;uur and Anchor  Pt., in June, n; greateqt percentage of
+ mussels wece Lu the same atage: as ausacls in the High and low
faberetdal (0T JTIE i 9N and BAY PanpecXvely)s & weEy l‘nw'
‘pereentaan 3% and 4 alppnr'ed to have a-newly:formed *growth
line. No l‘uh[idal samples .were c‘ox'lu_:zdyxn_ August; Thowever,
in late November the greatest percentage of mussels were omce

Anour, 100% at

more ~in stage - GI IIc (95% “at Pt

‘Blanc-Sablon, and 88% at Anchor Pt.

-Fromw the

ination of 500“‘nhe11 thin-sactions;: it
became evident that  intertidal mussels dSpoutEad noré
pronounced growth lines than subnd'.i musnabs ki excention
to this were the pronounced growth lines deposited “by shallow

subtidal mussels at the Novémber Anchor.Pt. site. i ®

"
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Shell Morphometrics (Fig. 12)

Significant differences were found amongst many Of the
sites (Tables 13-16), in-spite of the fact that even'in the
aost extrene cases between-site differences Tn shellwidin ot
shell height for a given shell length were < 2 mm. AllL
regzapslo‘n equations have high values of the co!fflélcl;t of
deternination. ~“Significant differemces between sttes is a
result of the very  low v:ntinbillty within ‘sites, which
fndlcates & high degree of comstancy.of shell form in the

‘midst of large variation ih individual shell growth rates.
' ¥ 1

Growth in Weight -

Growth in Shell Wéight .

b

The allometric equation,’'W=aL'; is generally accepted
5

the best equation to fit.data describing shell or meit weigh
as a funciion of shell length,<and SIS S ————
a 'function of size in g‘netli (Hum, 1976). To test the
soodness-of-it of \ghis equation to the present data,
res'lduals ’frnn the data used to derive the llloue:riic vcurvel P

s o
were analyzed from log-log plots of meat welght va/(!l

length, and shell . weight vs. shell-lemgth, for tHe entire
2

August 1981 data set (high and low intertidal mussels). Two
of the sixteen. cases showed & distinct curvilinear tremd,
while two others showed slightly abnormal trends (ome of which




- musselsg Iud significantly greacer shell ueighn than nussels

35

aay have beem due tq a small ssuple slze of 31). The
.uom.ﬂa equatiog fit the data well in 12 out of 16 cases.
ANCOVA' was performed on weight vs. length data.
Relationships resulting from the analysis are presented below,
followed by a re-interpretation, with lengths standardized
@hrough age, derived from von Bertalanffy ‘growt.h curves.
ANCOVA was performed on weight ve. lemgth data, rather than
waight vs. age data, because of the smaller vartation fa the

former. .

High Intertidal (Figs. 13a,d,f) S 2

No pattern was evident from examination of relationships
Vesvesn sieens gen sl eRves month§. In Junme, Pte. Amour,
Blanc-Sablon.and Anchor Pt., mussels i stuttar sherr veights
for a given length. The slope s e regression 1:1;\

répresenting Black Duck Cove mussels was heterogeneous (P

0.05) compared " with the other three regresaion slopes. It
August, however, the ulauansmp among sites . ha a changed;
althoush not evident from the graph, weights between sites are
dissimilar (Table 17). 1In Novembér, relationships among sites -
had changed once more. The regression line slope for Pte.
Amouzs was hetetogeneous in comparison with - Blanc-Sablon and

Black Dick Cove regression s13pes (Table 18). Black Duck Cove *

of similar length at Blanc-Sablon. E




.
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Low Intertidal (Figs. 13b,e,g)

In June, while -all regression line - slopes were

homogeneous, compatison of adjusted means revealed only’Pte.

“Amour and Black Duck Cove, and Anchor Pt., and Black. Duck Cove

shell welights to be' similar. Fron August data, residuals

analysis of log-log plots of shell weight on shell length

revealed trends in  Black Duck Cove and Blanc-Sablon

regressions. | In the case of Blanc-$dblon the' trend 1is

curyilinest, such - that -for = the 'swaller and larger size

classes, ,veights were over-estimated. Taking this lato
consideration, Ancq:x:eveue’d all four allometric curves to
be similar. In November, shell vei;htn at ‘Black Duck Cove and
Blanc-Sablon were not- significantly different (P>0.05).

Subtidal (Figs. 13¢,h) . E
]

»Gonstantly submerged mwsdels dlsplayi “differdnces in
shalis WiLgHt betyesn: sltee Melfiple Fegtesston-anaiyats o
June data from the two representative shore u_ltu revealed
heterogeneous slopes: (P < 0._05). In the nﬁ)ntl\ Jof November,
the regression 1ine slope of Pte. - Amour.. mussels ' was
‘hetérogencous 1in l:_o’mplriaon with the regra‘usvﬁan u_ope'u of
Blanc-Sablon and Anchor Pt.. (Table 19y x{egn._uon lines for
BlanciSablon and Anchor Pt. = data had Sowsgenaons isldhe
valuesj however, subseguent A‘N.COV‘A‘ revealed . ‘Blanc-Sablon

oussels to have significantly”. greater: shell weights thah
g acd
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Anchér Pt. mussels.
-

Shell Weight as a Function of Age and Tidal Level
- L .
When shell weight is expfessed as a function of age (Fig.

14), ‘trends can bé seen which are not discernable in welght

vs. length allometric curves. In'the high intertidal, three

out -of - -four gro‘wQ curves begin- to appPoach am asymprote

between the ages of ‘five dnd a(x‘yeus; whéreas, in ‘bhe . low

intertidal and subtidal, . none of the curves show aay.

significant diminution id growth even at ages of eight and

aine years. Shell weight as a function of shell length often
rebeals very similar weights between high and luw‘/tntertldtl
‘mussels (Figs. 15a,c),.however, if -hei; weight is considered
. ag a function of age, low 'intertidal mussels have greater

weights than high 1intertidal mussels of 'similar age (Figs.

15b and 15d).

3 ) -
Kl ] ¢
‘i Seasonal Shell Hzight“Chang'ea. . e

shell .weight. between June and November, in both the high and

low intertidal zomes (Fig. ‘I6): Compared to edasonal changen

in  meat weight, seasomal changes 1in shell 'weight are
relatively minor (e.g. Black Duck Cove, Iow intertidal. zone,

Fig.16d). : ; - N

There was no seasonal pattern with respect to changes' if..




Analysis of Replicate Samples .
To determine how variable shell weight was within a tidal
level, four  sets of replicate samplés (two high intertidal,

»
two low intertidal pairs) weYe compared through ANCOVA. of

these, one low intertidal sample differed signf@ntly from

its replicate (heterogeneous slopes, P < 0.05).

Growth in Shell-Free Body Weight -

14

High Intertidal (Figs. -17a,d,f)
Pre-spawned meat weights .at®Anchor Pt., Blanc-Sablon and
Black® Duck Cove in June were very similar; however, Pte.
Amour weights were significantly greater ' (ANCOVA:P < 0.05)

than weights at the. other 'sites. - In early August; meat

weights had dropped greatly as mussels were now in 3the

post-spawned condition. ~ Pte. ‘moug. Blanc-Sablon and Black
Duck Cove aussels wlf Bed Cwiuiiarwesy welghes and  Bed
significantly grester “weights. than mussels at Anchor Pt.
(Table 20). In November, Pte. Amour mussels \m\ greater meat

weights than Black Duck Cove and Blanc-Sablon mussels. Black

| Duck, Cove and Blanc-Sablon mussels hu? significantly different

meat welghts (B<0.05).
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Y oy S
. Low Intertidal (Figs. 17b,e,g) e
|

In June, meat weights of nussels.at Pte. Amour were

stgnificanyly jreater than meat weights at Blanc-Sablonm, Black
Duck -Cofe ang”Anchor Pr.. .In contrast with the situatfon  in
the mgh(inunxd 8 muss/eis at the gther three sites did not
have‘slulvls.r VefghtgTae thia levg'l:;/Anchpr, ., mussels had
significantly greater weights than Black Duck Cove  arid
Blanc-Sablon mussels at a given shell ledgth, and Black Duck

Cove

u‘uh had greatet. meat weights than mussels at—
BYanc-Sablon (Table 21). In_ August, the slope of the

Blanc-Sablon regression’ line was heterogeneous in comparison

with Black Duck Cove and Anchor Pt., regression slopes. Black '

_Duck Cove mussels had significantly léueg/u‘ ights than Pte.
Amour mussels. Comparison of regression lines £6r Black Duck
Cove and Blanc-Sablon November data revealed heterogemeous

slopes (P_< 0.05).
pee Cat 000

2

17c,h),

Subtidal (Figs.
bl
In June, meat weights of mussels at Pte. Amour ‘3nd
Anchor Pt., were similar. However, vheréas Pte. Amour and
Slanexuatlon nisTiTbat lueRE  Adenpley Seat. Velghte ie
November, ®Anchor Pt.,  mussels had " wow dropped  in wéight
stgnifi#latly below mussels at the two "former sites (Table.’

‘22).
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Meat Weight as a Function of Age dad Tidal Level
If ghell -lengthe  are replaced with von

Bertalantty-derived values of ageat length (Fig. 18), it 1s

seen that, as with-'shell weight, aussels’ fn the ‘high
o~ 3y

intertidal reach a lover welght asymptote at an earlier age,

than do-lov intertidal'uussels.’ Mussels.collected . from Pte.

be 7
Amout and Anchor Bt., in June indicate that meat weight as a

unction of shell length wis sismilar between ctidal levels
(Figs 19a,c), however, meat weights of mussels older than
two years of age are greater in the low intertifal than in the

high intertidal (Figs. 19b,d).

N .
Seasonal Changes {n Heat Welght
P N . ? ~
“In the high intertidal, from late June to early August, a
large drop fn'meat weight occurred at all sites, althougRthe
extent of reduation in - ‘;eighl varied be:)\uen sites. The
greatest reduction occufred at .Pre. hasut (Fig. - 20a).
Between June and Auguut there vas a d!ﬂp tn weight from 135 mg
to §3ag fot's 23 am mul‘uel‘ By Nnv.Zl, mear weight had risen
to approximately,d0 mg. At Blanc-Sablon (Fig. 20B), there
vas\s /Smaller yeight Watange betwéen fune and August, < from
lppraxlmltely 95 ug’ to M~amg, with" Hulghn 3f 50 mg by Nuv.ll.

f
\Black Puck Cove and Anchor Pt., mussels showed velght changes

' from approximately 90 mg/in June to 75 mg and 50 mg in *August
%

respectively. .
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As in che Mgb totertidal, mussels in the low fnteggidal
.at all \;uu dilplayed a drop in meat uug t between June and
August. Pte. Amour mussels showed the hr est veight chinge
(from 135 ag to." 70 mg for & 25 =w mussel) (Fig.20¢).
Blanc-Sablon muuels shoud only a slight uLnng\ in weight (<
10 mg)  at sizes < 30 am. This veight change *nnrelued with
the Qarge: slzeq but dif not:approach that ceurding at Pt
- . Amour. At the two sites sampled in Noveabér (BL ck Duck Cove
and Auchor Pt.), recovery in meat Qexgh: was barely above

Auguut values. . ' < .

Untortunately, “no subtidal - sampling, i

Angmu. 1981;  hovever, fn ‘Jufe; 25 mm mussells at Pte. Amour

and.Anchor Pt., averaged 100 mg in dry meat weight, whereas at.
e 8 i < p

the end of November mussels averaged.80 mg and 50 mg meat
% 1 o

weight at these respective sites (Figs. 17c,h).

w 1 . g

Analysis of 'Replicate Samples

. 4
e \
As  with _shell weight, replicate empxe pairs? were

0 compared through ANCOVA to deteraine vltilhl\l.ity in meat,

\p veisht wichin ‘a tigal” level. " of thrue. of ‘\umplu

\nomp.u'd to their correjponding upucau., nne]y-iz diftered

. .1g.nxnum:1y e <§ 05).}

[ WP ) e ’l )
- s ~ " v,
s .

pouible in.
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' DISCUSSTON"A ° .
REPRODUGA[VE CYCLE v : g

Spawning’

¢ Myrilus edulls completes irs’ full life- u:‘&y vithin the
i

Stggl: oF Belle Tsle tn ipitd of the Rarsh physical conditions: .

whxch these nigsels, particulacily the: inux:ldul speclmens, n

nusf- endufe . From observations on ’changeu 1n the state of- t:he 4"

gonad and SdisRAL ENREGT g wexgh: APs upparent hag

spaviing in M.  edulis on both sides of the Serate uf Belle
Tslé cofncides with rising sea-vatet temperatures jult as g
does ‘in other localities ( Chipperfieid; 1953; uuaon'.ng
Seed, '1974; Seed and xro.{.. 1977;  Jorgensen; 1931- . Klnttky,
19821, ‘Myint and Tyler,” 1982). .1; the Strait, apawning
appears to colncide with a rise in sea-watef temperature lx\:o‘
‘fhe .6-10 C. range, 8lthough ;?viell‘gt al. (1951) nhaezvgd =

¥ variation in tiping betwean popuisttonts Therefore, ‘although
the overall life—cycle is the sang ‘as in nou:hern populations,y

the timing differs in Stratt of lalle Isle auseel This

lacitudjnal affect on’ teproduczive pattern 1o vell-known and

Seed (1975) ‘calls. attention to the extensive litersture - which .

suggests that mussels from more lnutherly waters spawn prior

to those from colder, novthern vatels. . l!ovever, Nebelf :et . | *

al.(1982) found mo latitudinal trend yith regard to tinidg o,; 4
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. the Ireproductive cycle in several ynpnlstiunl nlong the quzed

States eastern sénho:td and concluded that there was a'

/foad bund _ relationship determining
'»np'ud..c:ue tiatag. Bayne aad Worrall (1980), studying two
adfacent mussel populations near Plymouth, England, found that
.p,nnxng occurred in -thé summer-at oge ni:e, but in the fall
(Sepumbar/ccwhu) arithe oihsel K :

While a synchronized reprodu:tive cy\‘cle i evident in
Strait of ~Belle Isle M. edulis, the exact timing of peak
apavning could mot be determined, however . within the

July/early Aug\ut period it was probably short and intemse as

‘i chl:lctarlltlc of nltine tdvertebrates spawming in nnr:h

C !enperntz/su!ﬂrczﬂc reglons (Thorsén, wsoy Jnrgensen ewaQ

elaimed thar: o severe winter will tend to synéhronise spawning

the luhlaque‘ spring. Kautsky (wazb) stated that the large

2 O
annual variatfons in temperature. and .food abundance .1n" the :

Baltic Sea, \give rise to a very mprked ipattern in reproductive
IS L in . 4

" uuﬁvuy\\ heM'relitively ' consbuit ‘and severe nature_ of
N t

winters: in therStrail of Belld\lsle may.result xQx'uson.uy

predictable annyal spawning cycles Intensity of

i & 0 * <.
Wpavalugs.asy viEy \foVevir, .ant Toedl fagkord;calggalt dn

,ze;inn-r n.xs.hu been observad, fot 1nlznnce, tn Newfoyadlend N

Agersonal: obl:rvltton)‘ New zngunq (Nevell et .al., msz;, and'

Altmotos ‘Bay (MJore and Reish, 1969 M: edulis populationsy
)

s . edulls

. The najnr!:ty ‘of hdren teupe

~have _ a stogle - rpeak, mpawiing period per, year, although certain

populations from southyestern Britain and Northern Ireland are i

te mussel yopulltlon. appear | to

'
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on and Seed,

known to have two splunl‘ng periods per year (Wi

1974). ‘ L

Bayne (1965) was able to maintain M. edulis 1in .a
sispended state of gametogenesis indefip@tely at a temperature
of 5 C. Since surface water temperatures on the north shore

of the Strait of Belle Isle are in the 4=5 C range :nnw!:mnz
ra k

. June and.only rise consistently above 5 C in July, . maturation

of' gametes in mussels on the North Shore (e.g. Pte. Amour)
of the Strait aight be a rapid and very temperature dependent

phenomenon. Myint. and Tyler (198%)discovered that

edulis

could continue gametogenesis at very Yow temperatures (< 0 C)j

‘however, vitellogenesis (matdration) was suppressed. Although '

no evident differences in wning- time could . be detected

.between "the two sides of the Strait, histological examination

of gonads, combined with more .quantitative sampling, ‘may
reveal differences. Myinc end Tyler (1982) belfeve that
‘eocyte aize and density provide the most, Enforastion with
régurd_tu'm}le’ls' expertencing different thermal stresses.

After spawning, mantles of mussels at-all four sites were
5 2 F

“empty and  transparent, 'as is found.  in other’ Newfoundland

_mussels following spawning (Hua, " 19765 " Thompson, 1979;

pérsonal . observation),however, assuming no repeat spawning;
mantles remained in this ubn.a to the end of November with

! : " 5 :
1ittle buildup -of nutrient storage material (glycogen) which’

1s part of the annual reproductive cycle im M. edulis

cabborc, 1976; Bayne et al., 1982; Loye et al., 1982).

Earlier-spawning, southern mussel populations show ' -nutrient

RS . ¥
storage buildup (e.g. Tnaze et al., 1980). This may indlcate

- o

i
j
i
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the extreme {mportance of the short period each year ‘during
which the\'_ epring phytoplankton bloom and rising water
eiipuiacgtin Tn Ehe NEGHEE APABATNE MWEe 'nunu’for the
completion of gamétogenesis. [Freeman and Dickie (1979)
opserved, in Nova Scotian area mussels, that growth underwent
a seasonal upsurge .at the time of the spring phytoplankton
bloom, :he?r so-called, "cold-season growth". K;lutsky 1982b)
found (ha: for all-subtidal depths, the very lvi;:‘intrelle» in
meat weight :nd‘}gonndn»uvelupmen: of Baltic mussels, could
be directly correlated. with the spring phytoplankton bloom.

-, Ao in the ‘srrait of Belle Isle, water temperatnres in the

hluc_ hﬂing this period are generally < 5 c, um Kautsky

(1982b) believei this indicates that fnod abundnnua 1s' the
priml;i_ factor™~controlling ‘gonad growth id these mussels.
Griffiths (1977) arrived at the'same conclusion working “utth
Choromytilus neri’diunalis and Aul'a‘conxl ater in south Af;icn.

« Due to their small size, it was difficult to age mussels
to thetr first year and deteratine —— they were

mature. Mytilus edulis.has the capability to breed ip the

first year of '1ife -(Seed,196%9a; Seed and Brown, 197%). 4

comparison of Seed's stunted, exposed coast usstls Wlth the

+small, exposed coast mu:

Segd's population consists of a higher proportion of smaller .

individuals (< 5 am), “He nblervetl that in afeas of upu
(relutive) growth mu;urity in fhe first year occurred at J!
ahell length-‘of 6-7 wh,  whereas in s of slow growth,
mature individuals 2 mm in shell lemgth could be ' found. He

sexual maturity is a

therefore concludgll that for M. eduli
: & D

1s of the Strait is useful, although’
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function of age, not size. On the Washington coast, Suchanek

(1981) observed gonadal developmept in M. edulis at
.approximgtely 15-20 mm!shell 1éngth, dpproximately 1-2 months

afger settlement, sufgesting that depending upon localjry,

&
growth rates may determine whether or not natutftion s more

dependant upon size’ or age.

An age-specific, not size-specific, maturation appears to
v

£

hold true for Strait of Belle Isle Li

nale and female snails become mature at 4=5 mm shell height
(unpublished data), which'is in general a,smaller gize at
maturity.than in eouthern populations, .and such a r Bt tonship

nay hold true for M. edulis as well. = . .

’ LE

i

Settlement ~ )

The largé nimber of  mussels < 2 mm in shell lenmgth

a {eorzesrad tu lwve Neveed frod both sides of the Strait of
Belle Isle, may, be indicative of a 'very late settlement
};;rvio;l.' Alternatively, there may be a relatively normal
Iettlem?;\c period with regard to other Newfoundland mussels
(July-September) combined with slow bgro;th, or a combination
of :ng,é two possibilities. The duration of the larval phase
ts ‘quite variable, ranging’ from '3-10,. veeks; however, .in,
British waters and nurr@u;dxn; regions it is ' usually on t!\‘e
order of 3-4 yeeks (Seedyg1969a). Kautsky (1981b) postulated
& Larval stage (pre-aéulemu:) S8 3561 waeks <durditen] £of ¢
Baltic _n;ullell, and he does dot mentfon primary settlement.
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L4 ¢,
Final size at settlement is variable and metamorphosis can be

delayed for weeks 1f a suitable substratum 1is mot found
+ (Bayne, 1965), Individual mussels from a primacy se¥tlement
o1 P6lystphonta; 1n late September 1982 at Portual Cove,
Newfoundland, ranged in length from 300-800 microns (personal
observation). M. edulls found in winter 1381 inside split
- Ascophyllua  nodosum gus(__‘_bladderx at  St.  Phillips,
lle.vfoun"tllnnd, ranged from 600-3000 ‘um “n shell .length
(personal observation). ‘Some of the larger mugsels could have

been storm washed immigran hnuu?{, or even tide-dislodged,

actively moving mussels, 3-4 mm ‘in  length (Nelsom, 1928b).

' Thus, . as 1in the plankton, residence times on algae varies

depending upon time of settlement (summer or winter),  along
with other local factors. Differences inm growth rates’ could
also contribute:-to size “variation. .From the " algae, early
. Pla}.ugudu nigrate  on, a ‘adult beds and are knowg as late
plantigrades, from which they assume the adult habit.
. Bayne (1964) points out titat there is little lnfnx"lnr.lon
regarding the growth .of late plantigrades ;immediately
folloving setelement (< 2 ma) -éivenvzhac peak summer surface

water temperatures nte telntlvely low 1.n the Strait (ca. 8-10

C on the north side lnd 14-16 C on the south side), a

larval, pladktonic phase .laséing 1-2 months might be expaéted.

However, because of the high mean flaw rates (appffoximately 1.

T/sec), a parcel of water. could ‘travel the lengtl/ of the
Strait in two days (Ju.lko, 1981). This leads to spedulation
the location of perental stocks of larvae sertling within

the Strnit Druking into accoudt a primary nettl:ment phade on



S )

48

algae in the Strait (persénal observation), the spawning
‘period suggests that final settlement upon adult beds occurred
sometime .in September/October, vith subsequent slow growth.
Cold water temperatures (< 10 C) have  been. acknowledged as
seriously curtailing metabol'lém and growth im larval and adult:

M. edulis (Nelson, 1928a; Bayne, 1965; - Brenko and *

Calabrese, 1969; Myint and Tyler, 1982). In October and

November, surface water temperatures on the northysfde of the

N
Strait fall below’6 C, to 2 C in late Novembér and similarily
on the south side from approkimately 10 C-at the beginning of
October. to 2. C in late November. Low tempgratures, im
combination with significant wave ~exposure Tesults  in p;e(
shoutig Reluations €9y Bewly WEERISN SuSETEL

: Although mussels 1=2 mm in  ghell length ware uodt

abundant  in . late * November; there was  significant

representation in the 2-5 im range. These may Have been

pussels <Fcome lElie: peovious yaat WhIChibad ovit-wintereds at a

small size, on nlgae,. In iagc,_-1gu1 samples from the lew

intertidal zome at Blanc-Sablon in late June 1981 incladed

associated mussels in the 1-2 wm size range. Larger mussels

(e.g. © 5 mm) found in late November could aiso have been the
result of early spawning. Although there is a pesk spawning

nucleus each yeaf witlfin most mussel populagfions, there can be

both early agd late spawners. Seed. (1969b) and Ragtsky -
(1982b) poln;‘.\nl,! fow  small mussels (2-5 mm), persigtent
throughout the yea::in dense populitions andof taken from

texposed coast popylations, can be incorrectly described as

Tecently-settled, when 1in fact they may "be stunted,

;

v ) §

»
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comphtitively suppressed, older mussels. Judging from the
size of mussels from the 1981 cohort in late November and from
over-wintering sizes—of previous year classes (interpreted
from external, winter shell check-marks), . the “first-year
classes of Strait’ of Belle Isle populations flay largely
over-winter at sizes < '2. mm. This phenomenon nmy affect
whether or nof musséls in this reglon start to spawn in shate
| Frrse year. Hum (1976) -reports a’ lste settlement of M.
edulis = at Holyrood, Newfoundland in which overwintering
" occurred: at sizes of 1 mm. 'Dare and. Davies (1975) observed
. that; large intertidal settlements u'fQ"gxound spat” (1-1.5 ‘om)
in Vales remained'in this size range for up to four months
after the maln winter/spring (ngcgmbex—Apxxl) 'let\tlem:nr_
period. . -
Within the Strait .of Belle Isle, Wt e appeared
heaviest  at o just above low water level. Settlement was
light in the high intertidal except at Black Duck Cove. The

preference shown by musse® larvae to settle at or adjacent to

low water level h baen observad by others (fves . Engle and
Loosanoff, 1944) and ‘is _supported by the existence on most
rocky shores of adult wovenl, bedens these~tidal elevations.”
‘In  the .shallow sabtidal (Aéyroxinu[aly 3 m below MLW) at
Blanc-Sablon, ! spat settlement was also abundant and
corroborates the H.;'Ad.ll\gs of Engle and Loosanoff (1944), who
found that at depths 'of 1 m below LW the number - of settled
Yussels tl;pronchnd that observed at NLW. Sutterlin et al.
(1981) observed nu'vz_.m'uei set at Avondale, Newfoundland, at,

depths < \3 m, alphough in general, spat settlement decreased
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with depth.

Fecundity, Biomass and Reproductive Output
= .

R Y
The ‘trend ‘of incressing fecundity with size or age has
been observed in numérous other ‘'studies (e.g. in bivalves:
Grifficths,1977; Thompsos,1979; .Vahl, 1981  Kautsky,1982b;
" 2 B d o

and “in ‘species - of Littorin,
4, ec. ., SRLLOLIng

ughes . and Roberts,1980).
Fecundity was .ai'mu:u'c hatvash ‘sides of Uthe strait Belle
Isle. -The l‘u.lge_}vgrl,atinn in fecundity between the four sites
is not surprising considering that votheru (e g Thompson,

1979; Bayne and Worrall, 19803 . Bayne et al., 1983) have

v oy
found fecundity to vary annvally and from population to

population 1in relation to food avatlability. Furthermore,

.
there may be variation due to differences in peak spawning

periods, or completeness of spawning, between populations.

Bayne and Worrall (1980) and Bayne and Widdows (1978) oserved

a reduction in fecundity in mussels exposed to temperature and

nutritive stress. Tepperature differences ycoupled with

differences . in ratlo;,‘ had a najor efflect on the fecundity of

the mussels. In my study, individual gamete blomnaa,\v as a

percentage of total biomass, ranged from 5-69% depending upon

the site and individual size. Most values vere in the 20-60%
5 v v

cat’ account - for a

range indicafing that gamete biomass

i iy ¥
significant proportion of total shell-free body weight which
is 1in agreement with ‘other studies in the literature (e.g.

AR .
Griffiths, 1977; Thompson, 1979; Kautsky, 1981b).
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MWithin the Strait, trends in (uun’duy', as a fm;cl.lun“ wof
tidal 1level, are predictable and explainable, 1-\"5&1y on :‘h'e
basis of longer feeding times and thus faate; growth i
greater ‘production An, the  low intertidal as opposed to the
high tntertidal. More difficult to . explain ate differences:
observed between sites on the same shore and affinities found
between . opposite -g\au&'-uu. Because  fopd  abundamce

(phytoplankton) was not conaered here, it is not possible to
F —

discus 5 wf This parameter 1in growth differences
with¥n the' straft aﬁeue Isle. THe ou:u:a.r{&ing feature of
the/ four sites is the mgn fecundity of Pre. Amour mussels in
campuuan _ with igsls SR 6. @thes sifes. . Such
differences are due, in part, ‘to the relatively .high growth
rate of - mussels at Pte. Amogr, in both the high and low
intercidal zones. . .

Although there was mo -differemce in meat dry weight
blomgss between high and-low intertidal levels in this ghaudy,
it s nofed that this is a reflection of the sample size
emplnyed (0.02: mz) .and due to the relutive sparsencss of

muna:ls in the high fatertidal zone, larger sample areas (e.g

1 m) wonld yielf_qnite différent results. Bgewulu, however,

support the observation that meat weight as a function of
shell. length was similar betveen tidal levels (5.40). As a
ma‘n\a of comparing ‘reproductive patterns between different
populations, " reproductive output is no: of nuch value um\ou:\/
4 Wabwlalgh, 5 Eua alie BEFUCEACE 88 thatgepulacions, sins

fecundity/somatic tissue weight reluua’ups are correlited

with size. As noted by Kautsky - (1982b), and seen 'in this
E ’
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;‘tndy,‘ the contribution to biomass-and reproductivey/ ougput is
‘very low for mussels ¢ 15 mm {n shell length despite their
S overall numériedl doainance. One difference between KautskyZs
stndiase and my pesulte 48 jehat teproductive output from the
o various size-classes in the Strait of Belle Isle 1s much lower
than for Baltic) mussels, - where in -many size clagses
reproductive output ‘can be 80% of prespawning meat wedght:

. e

-

GROWTH
0N

Linear Shell Growth '
5 4]

s - * ‘There appears to be no pattern to intertidal growth rates

between the two ' sides of the Strait of Belle Isle. Growth

rates in the subtidal zone on both udnf: similar in spite
y

of a large’ difference in number of da grees. Mussels of
C .
the genus Mytilus combine tolerance to a wide range of

environmental conditions with a flexibility.of physiological

2
response (Bayne and Worrall, 1980). M. edulis may compensate

metabolically ‘over the, 6-8 C‘temperature difference between
north and south sides of the Strait.

‘ .
In comparing groych of M. eduldd between populations, or

between studies, one encounte: the inherent difficulty of
g comparing results wigh respect to food abundance and ' fidal

exposure’. In terms’ of tidal exposure periods, M. edulis

within the low intertidal or subtidal' zones ~are reasonably

Ao
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comparable between sites; however, exposure times of high
intertidal populations could vary from site to site. Baird

_ (1966) #nd others Have shown that tidal level ( = degree of

ol «
tidal\exposure) inmcreases, growth rates of M. edilis rapidly
_decrease.’ Gillmor (1982) has shown that for M. edulis, the

point of zero growth can be.at an 80X exposure level ( = tidal

cycle emersion time). Characteristics of the shore locality

(1.e- merial ¢limate), in combinaticn with the physiological

tolerances of, the partiular gemetic stock, may determine the
: g .

edulis. . Tlﬁ\luggaatlom has

linit of upper extemsion of M.
been made by othefs (e.g. Eeed, 1969b) ..

Gonsidering that giowth in the x_u:u‘uaa)‘cunssn‘s of a
tradeoff pet‘u'een energy  inpdt during submergence and emergy
_cost during emersion;- it is not surprising that absolute
linear shell growth ‘rates are greater in the low fntertidal
than in the high intercidal zome.

The variability seen 1:\\1;“.: shell growth rates of
nussels In_ the Strait of Belle Isle 1s a well-known
characteriatic 6f the species (e.g. Mossop, 19225 Lubineky,
1955? Seed, 1969¥} Stromgren, 1976; R!lsgud'u_\d Randlov,

, 1981; Kautsky, 1982a), and also of C. yvirgfnica (e.g. Singh
and Zouros, 1978; Koehn and Shuaway, 1982; Singh, 1982).
leasons put £6Fth to explain such vul'lab,iliky {nclide strong
atraspectfic ¥ compecition (Reutdky, -1982a), intrinsic or

# gendtic factorg(Stromgren, 1976;  Singh and zoutos, W78;

density-dependent effects (Mossop,,1922; Wilson and Hodgkif,

19805 Janaen, 1982; - Koehn and Shumway, 1982;), and

1967; .Seed, 1969b; Dare and Edwards,-1976; .Broom, 1982).:
; o 1

~ ¥
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fWenetic differences 1in molliscs have been implicated in

causing growth rate variation, and recent work with oysters

(Koehn and Shumvay, 1982) Has revealed possible

X

hloc'hamitnlll;hylXolag!cxi involvement with :e'gu}: to rate of
oxygen metabolism._ The literatue recording both macro- and .
sicrosgeogcaphic  @dusrie WAriarton, Wilhtw edd ‘berveew . Q
populations of mussels, - 'other molluscs, and marine

fnvertebrates ‘in gemeral, s’ extensive (e.g. Ahmed and -

Sparks, 1970; Koehn and Mitton, 1972; Milkman et al., 1972

. Turano and Hitton, 1973; Levinton and Suchanek, 1978;. Thorpe .

et ‘al., 1978; Singh and Zouros, 1978; Gartner-Kepay et  al.j - e
1980; * Haley and' Newkirk, 1980; Black and Johnson, 1981;
Bullliein and Scholl, 1981; Grove and Lester, 1982; - Jansen,
1982) ) y

In the Strait of Belle Isle, density :}f%cln on growth

are probably maximal in the low Intertidal and’ subtidal zones, '

and mimimal in the high dintertidal zome,. uhe:r; 18 most ~
instadeds ‘thare Was up cl‘umping of mussels. An\_l:yals of top )
and bottom layer M. edulis suggested that growth variability

due - to clumping was ‘minimal at these sites; however, this g
. . : B

suggestion is based,solely on length weight relationships aud
comparisons were not standardized through age. Freeman and
Dickie ((1979) and Harger (1967, cited 'in Harger. 1972) are
among fhe few .others who have analyzed. growth in M. edulls

for démsity-depfhdent effects (i.c. separate vs. clumped),

although othérs before have describded humping " or

. . “
elumping phenomena in ‘natural mussel ‘populations (e.g.

|
1
|
!
" i
|
|

Mossop, 1922; Dare and Edwards, 1976). Harger (1967) found
o 2 : . .

¥



growth to be slower within clumps than on the outside of
clumps. The Freeman and Dickie study showed little or no
' difference in linear shell growth rates in separated mussels

v .
mussels within clumps. 1f density effects on growth are {

important, then depending upon the extent of compaction of the
. mussels, shell morphometric relationships will vary. The

slight varistion in shell form within Strait of Belle Isle

edulis populations may dindicate’ that density .effects arg
minimal. It is not surprising that shell Bhape.varies between
sites, as shell morphometric relationships  (e.g.

3 helght/length, width/length) = ‘are _known o vary with "\
" : ,

v environmental comditions (e.g. substrakey topography, wave
>expnlur=. ponula(:ion age composition, and density) (Lent,
b 1967; 'seed, 1968). ’ &

”Thue{uu a“ppa‘re\:‘tly been.a trend, at least in recent

g yesrs, for mussels on both sides of the Stralt of Belle Isle

w5 Horeyer-winter it Snali wizes Cexge ¢ Bompds ~Oyer-vidrering
. . hof oussels st small sizes has been observed in cértaih other,
areele and north-remperate regions Ttones nu.(g strict, NW
Greenland;Theisen, 1973; ( Southern Britatn:Seed, 1969a,b;

. Wales:Dare and Davies, 1975; Baltic Sea:Kautsky, 1982a), 'and
can be the result of a late settling period with little or no

. vinter growth (Dare.and Davies, 1975; this study). My study,

and others (Seea, 1969b; Samtleben, ,1977; Kautsky, 1982a)

have also-found that variation in growth rates of mussels < 10
mm in shell length can ‘lead to a persistent population of
small, stunted mussels (‘e-g:-‘ < 5 mm in length) which may .be
two or three years old, or older. This phenomenon fs often



given age are apparent. Fot example the follWWing thell

‘amongst. . various geognph‘lc-l 1oen\nu. - ‘Thete is 'a

N 2 ‘56

found within dense, exposed coast populations (Seed, 1969b) or
dense, brackish water populations (Kautsky, 1982a).

'From the pronounced, externaf, winter ' check-marks on
Strait of “Belle Isle M. ‘edullu it is also lpyar'en{. ::h-t
winter growth (Dec.-May?) is negligible; however, linear
shell gruwth»reaum‘eu vhile water temperatures are in the 0 - 5
C range. This s@y. and the wvork of others (Mossop,1922;
Seed,1969b) has also revealed large variation 1n the ltarc of
seabonal’ grovth vithin a population’ of muaaels, “possibly
(ef\enr_h\g the proportion of "fast" and "slow™ grt;vern- _Once

again, the smuuuy in uhell grovth rates hetw:en a'xdu‘ of

the Stralt 1s apparent even during the .puug/numu puxod

when- & surface water temperature'; difference 1is rapldlyu
déveloping ‘betveen the two shores. IO

1f one compares linear shell growth rates of edulis

from the 1literature, 1axge differénces’ in -hell length for a

ieng'ths for ' year old sublittoral musaels arejavailable’
100 mm (California:Harger 1970), ' 60 mm . (Woods -Hole:' .Hum
19763, [ ™ (Norway, "u.n.a_ee 1930), 20 ma (I}on’.l\ern
Qree‘nl’nnd, Thetsen, 1973), 30 am (Holyrood, Newfmu\dlund Hém,
1976), and 35 .um (Pte. Amour, Labrador; this s:udy) Such

variation reflects differences in lengths of zroving seasons

A

relatively predictable, :el-:;pnsnxp between growth curve shape

(t.e. ‘von Bertalantfy curyes) and 1.m\.u..3 origln (Hua,. :

1976).  Strait of Belle Isle n_.r edults shdfl length/groweh

curves .generally ‘axhibﬂ.“" gradual increase with a potential

< oL




' for.a long'life. pan. Hun (1976) found slow tptetal grovth

L
3 and p 1n||g 1ife span in‘mussels at her notthern stationp. In ;
\/ . cnn::ll:, grovch'.: her’ sauthe(n iatdois, Wad inieially \\rnpld g

v : .hu: leveled oﬁ vo's 10w value 6F Luin 1-2 yra

* Seasonal Progression' 8f the Annual Growth Lime
R A

S o .J’

2% : E
Ther\ was a 5:--“.1 progression to zhé inrmutinn of the

grow¥h - line  which ‘wvas re).ulvely syithronous” amongac

T - yopulltlnnn at the: four 719 “rnis was true “for Woth "high .
‘thwugh there are in *ficl:nt )

. " aata; ithere are indications that. thefe Slaid similer :und

and low dntértifal lpuei

A . -among mhua.; musesls ae walle Mussels deposited l).monc ‘a

3 L complete lager- ot base ot nacre af:e; ehe growen” line ‘was *

_fnzngd, before, un:u, 'uhm. 45 similar -to the. findings of i

utz. (1916).‘(Au‘hqugh seasonal growth” increment ‘frogression
: : 5

* : -ppun . bé similar between sides: of the Stiaft, more

. faqpant: seuplian; combined Vith hr;ev ample sizes, might
i Seo S > - ‘
: i ‘rgveu{ differences. - 1 X
Rt ; .

i . . : . S o . o
¢ 'As ‘with,shell'morphometry, there . are numerous - factors’ -~
. el ; IR
: ‘causing * variation 4n shell, welght | between or Stenis :mi
P e levels (dégree. of - wave -exposure, shell . abrasion;’ and,

awaing). - Shell | welght differcnces ,between\
e ;

i




) .. E} - i s ge

| \ populations at Sruspee exaan wevere: are Ger@ Weetdile te

explain. )

i
i
4
X A 3
. Little seasonal variation in shell wéight was spparent in ;
ny, study, supporting Dare and Davies (1975) who .stated that’ 1
- g . i
thie was'to be expgcted since the shell does: mot underge an H

- annual ' welght cycle. However, Cyr Couturier (personal

3 ~
communication), recorded a promounced increase in shell wedght

|

‘for .subtigdal (2—3 w  depth) M

sdulls, during the spavaing

i « perivd at a time when shell length was relatively constant.
Outside the spawning period,- he observed that linear shell . N

PRE growth pgte incfeased, “and shell welg}il‘. for “a glven shell

langth thus decreased. This vu\lld represent nn«l{\nual shell .

i weight cycle’ of the sort Dare and Davies (1975) ‘suggeated 414 4

not occur.

Theoft tissues (gonadal) of morth temperate-mussels are
¥nown to undergo -dragatic nmy/cyclzl of weight change which
. are directly reiated  to the 'reproductive cycle (Dare and .

Edv-xd

1§1s; Thompson, 1979; ' Bayne and Worrall, 1980;

o Kautsky, 19820). While this cycle fs distinguished by its s

pre—lpnﬂning weight butldup, a nnullva drop at spawning, al T e
-

grglual post-

avning weighy increass, there _are numerous

)
variations which reflect differing reproductive patjerna. The - - ‘

best axunylau of such axnpnens are afforded’ by "tri
0 4 - L
spavmers (e¥ ‘Modtolus modiolM), or ‘multiple spawners .
% . ' \
~ v 4 Y < "y & .
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N ’ N .

(e.g. Aulacomya ater), wmich display a -fluctuating meat
% .

weight cycle throughout the year. Maximum meat weights in
Western Atlal:ticgl; edulis ( Newfoundland region ) occur
prior to spawnIwg (Thompson, 1979; Sutterlin et al., 1981;
this stady),; and the p;at-synvning groving season ‘is
relapively ohort with :cohsequently little build-up iu meat,
veight prior to’the next phytoplankton bloom the fgllowing
sPring. Exceptions to this apply-to productive regions. .

“Tomparing reported meat weights of mussels from vurl’ous
regions 1s” made difficult by the problem of assessing

3 ‘
“equal-opportunity environments” with regard to food

. availability.' .The relationships between phytoplankton

abundance, feeding rates, and growth in Mytilids and other

bivalves has been well utudied\\( e.g. Thompson and Bayne,

1974; Paul et al., 1978;. Widdows, 1978; Incze et al., 1980}

Riisgard and Randlov, 198]; Navarro and Winter, 1982; Wright
3 \ A

S \
et L., 1982)} and it has been ‘'shown that, in gemeral, ag

phytoplankton concentrations increase so .do grn:r.h"ru’.‘en.
Although teaperature and salintty ite uidoubiedly Tngertsnt
factors with xesk‘xd té- growth ru‘te, .it appears: that food
lbun:lnce;llght N the single most -important. parameter
controlling growth rates in bivalves. 'Kautsky (19828) found a
godl corciineion Bacwsbn growth rate’and food ibaddunce us L

v B s
Winter (1978), Klorboe et al\  (1981), and Mohlfaberg gnd

“Kiorboe (1981). Dare and Ed tge (1976) found that a

aid-summer " fall 1n flesh .conthnt colncided With a sharp
decline ‘in phytoplankton concentratiofis in.local inshore
N f

waters. Probably the most striking evidence in aupporf 't the
i :

-
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supreme importfance of food abundance with regard to growth

rates comes from the vork of Paul et al. (1978), in which M.
~

edulis reared in a phytoplankton upwelling system grew to 30

~am in 90 days, . whereas mnussels from the fjord (at similar

temperatures dnd salinities) required four years to.reach this

edulis
. N v
tween the two shores and its

length: Future studies of .§trait of Belle Isle M
might focus on food abnndanca‘
effect upou‘gtowth. !

Average meat weights in the seradt uf‘ Belle Isle are
itmilar to these Found in Baltic mussels by Kautsky (1982a)
(e.g‘.» 60 ug meat dry-weight for 30 ma mussels) although
salinities are very different. In the Con;ny estyary, Dare
and Edwards  (1976) sampléd 30 ma  mussels  weighing
approximately /180 mg. meat dry-weight and Bayne and Worrall
(1980) report” maximum meat weights of 200 mg for subitdal, 30
wn muenelir wy welidyue,, MevCousdlinay (GELLELThs Wad King
(1979) " point out r.h‘a\r. food 1:e;s tn the field vary

‘unpnhcuuy over a wide range, with the result’ that
production rates may £luctuate greatly.

As predicted on the basis' of availsble feeding ;me,
age-specific. meat uei\gh:‘u of high fntertidsl mussels are less

than thofe of low intertidal nussels) ~
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¥ . GENERAL DISCUSSION
\.- < 14

. Predicted differences in growth rates xt:uen sides of

the Strait of Belle Isle, on the .has}s of ‘temperature
differences, were not observed, and Ehsretora 'mel‘:qbolic
compeasation may be lavoked to account for this.' _nc\ﬂ.auy,
somatic tissue ;nd shell growth were similar between ;:he two
l‘idel_‘ui “the Sl’.rllt‘, lithough there were‘diffaxances he:veenr‘
the four sites that showed no pattern. '

An  alternative explanation is, . because of ° low

temperatures - in the Strait of Belle Isle which aréat the

14
\ lower end of the raunge of temperatures experienced by: Mytilus -

edulis  throughout 1ts  geographical range, temperature
', differences result in ah insignificant effect on growth rates.
Coulthard (1929) reports growth in M. edulis between 3 and 25
; G with optimym growth n the 10-20 C ramge. On the.north side
4 of the Strait of Belle ‘Ille, monthly ;leun surface water
-, VERpSEAPREEE £5 BALeW 1D D WNeENsE on The auEh  aNoTe BAly
four months have menn—w‘azer tempefatures greater f.’l\an 10 ¢C.
Results of thie study show that grewth rates on both sides of.
.the Strait of Belle Tsle are slow. This 1a in agreement with )
the Iiterature, which shows that growth rates of mussels. from
" the Maritimes ‘southward “aye relatively high (Mossops 1922}
Juszko, 1980), while being slower-in more nﬂrr_hen\\. 1.,!;1:..1;:\
(Lubinsky, 1958; Theigem, 1973; Juszko, 1980), S
.+ s Hum (1976) found large differencgs 1in 5:0\1:{ rates

betyeen ‘her sites over temperature differemces of similar

magnitude ‘to thoge in the Strait of Belle Iale, however,
\ LA
\
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temperatures at her sites were in a higher range thah

temperatures in the Strait of Belle Isle. 3

Degpite the fact that mussels® ®from both sides of ‘th()

Straic rnpuyed' similar growth rates, food abundance in
waters on both sides of the Strait remains to be nsae‘unedf 1in
light of the strong influence which Eats vietabie: sxette

fecundity (Bayne and Worrall, 1980), the overall courde of the
reproductive cyele (Kautsky, 1982b) and linear shell growth
(Paul et al., 1978). fPuture work on M. edults in the strait
of Belle Isle might include aldetermination of food abundance
in surface waters between the -two sides, relating _this :.9

obgerved growth rates. : 2

. .
Large year class variation in growth rates found in

b ; ;
mussels on both sides of the St¥ait has been observed in other
i :

#,

P . ’
el populations as Zwell (e.g. Mossop, 1922; Kautsky,

1982a). Although-competition effects cannot be ruled out, the
maintenance of heterogencous gemetic stocks through long
dtstance larval dispersal is pra_hlbl’y a key~factor. Pertinant
to this study would be .g:.uuum: of the extent of mixing

of stocks between®sides the Strait of Belle Isle. K
s Wk S

il




SUMMARY

Reproductive Cycle

'

Spawning appeared to be synchronized within and between

sites over the sampling perioda—ir this study. [

2. Fecundity in Myeilus edulis populations beuﬂeen the

two s1des of the Stralt of Belle was similar, although
beYueen-site variation existed; fecundity was greater
in the low intertidal than in the high intertidal, for

for’a given lge-

~

3. settlement n 1981 renulteJ in luge nunbers of

mullelu overvintering at shell lengths < 2 om.

Brdil mussals (asgs 5'mm) were'persisient: {n-Ehe
population over the three sampling periods

(Juné, August, November) i

a5 A . -

Growth X . @

L8 .

1. Growth rates (‘ar)mlll: tissue and shell) were s1m111;
bat;leen the two sides of the Strait of Belle Isle,
although be:uun—-u.e differences exigted. .

2. Linear shell.growth rates were 16w, typical of exposed °
‘coast:populations. Low water temperatures in the ‘
Strait of Belle Tsle, throughout much of the year,
are implicated as well. %

3. Despite large within-year-class variation in growth

rates, shell morphometric relationships were constant
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within sites, however, between-site differenceé existed. f
4. The apnual, spring start on linear shell growtk

varied within sites, and

similar between the two ¥

sides of the Strait. v .
. - . !
The shell internal growth line was depdsited at a“time of

w

rising water temperatures and.spawning. The seasomal

veRt

progression of the growth line vas synchrdnous in B

populations betveen the two sides of the Strait.

o

- Blomass values vere low, typlcal'of exposed coast . . %

populations which are dominated by small individuals. - : :




Table 1. Annual gihulaéive surface water day de;rees
. ’ - (D°) (0°C taken as zero reference point) for
north and south shores of the Strait of Belle
‘ ‘Isle, and other north temperate l.ocahties.

=
\ Locality \\ 4D° . Reference
. o ~— _ e
fey ¢ Cattewater ~ . 5550 Bayne and Worrll)\(1980)
(s. Britain) o
bl Menai ‘Straits. 3600  Davies~{1969)
(N. Wales) " 5 ‘
. Danish Wadden Sea 3318.. Theisen (1968) ’ B
Thule ~ (Greenland) Theisen (1973) /\ /
Strait of Belle . This study’ '
~.. Isle.(south shore} =~ | '
Sy Strait ef Belle . ‘950 This study
. . Isle (north shore) f : . "
<~ *: : : -~
5
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Tablez . s}\ze and abundance of Juyenile Mytilus
edulis in the Strait of Belle'Isle in November,
1981, 5

stte and tevel Size class  Abundance (number per 200 cm

2

Black Duck Cove <1 mm 200
Tow intertidal >1-1.5 mm ‘ 100
mm 50

,(NOV..ZZ)‘ 2-5

Brack Duck Cove ~ <Imm_ . ca. 80 .
high intertidal >1-1.5 mm ca. 50

(Nov. 22) .

Blanc-Sablon 21 mm 1 ’ 1" )

high intertidal ) ; i
(Nov. 22) . * N\
I Blanc-Sablon 21mm 14

Tow. intertidal >1-1.5mm 8 - 4
(Nov.” 20) 3-5 mm 60 .
B1anc-5:ib'lm S ca. 50 !

subtidal 2-5 mm <50

(Nov. 21) / <

~

Pte. Amour: i $1mm 0

high intextidal « >1-1.5 mm 0 7

(Nov. Zl?\ 2-5 mm 0

Pte. -Anour St'm 0 *

subtidal 1-1.5 mm 0 *

(Nov. 21)' 2-5 m <<50 .

. Y v £
4 = > ,
! v
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3
-
. ¢
i .
“ Table 4 . Extemal shell check marks on Pte. Arour law
¢ E: (nter?da] Mytilus. edulis collected June 21, 1981

(W=We]l- Befhmd, Dspistinct)

Shell Distance to Shell Distance to

Length  Check mark Length Check mark
(mm) (mm) (mmp (m)
st P lst on P
2.7 0.8(W) 2.2(W) 7.0 1.3(0) 5.5(W) 6.8(D)
2.9° . 0.8(W) 21(W) 7.0 L.2()  5.0(W)
3.0 1.0(D) 2.4(W) 7.2 1.2(W)™5.9(W)
3.2 0.9(W) 2.4(W) 7.2 . L4(N) 3.0(0) 7 |
J3:3 LUD). 23(D) 73 LS(H) 5.60N),
3.3 0.9(W) 2.4(W) 7.6 1:4(0)  6.2(W) s
. 3.3 0.4(D) 0.9(B); 7.8 - L.5(H) 6.0(W) o
3.5 10(W) “3.0(WY . 7.9 T 1.4(D) 6.0()
3.6 0.9(W) .3.0(D) 8.2 1.8(0) 7.3(W)
3.7 0.8(D)" 2.8(W) 8.9 1.0(D)- 6.7(D)
3.7 . 0.4(D) 2.9(W) ~ 9.0 . 6.6(W)
- 3.8 L1D) 27(W) . 9.0  2.0(4) 7.1W)
3.8 0.9(W) 2.6(W] 9.4 1.2(0) 7.0(W)
4.3 1.1(D) 3.2(W) 9.6 1.4(p) 7.2(W)
6.6 . L3M) 49() 9.8 2.1 7.0() ’
6.7 . 0.8(W) 47(W) 11:7 © 1.2(0) 4.2(N) 10.1(W). .
6.7 1.2(p) *5.3(W) . - ) \
6.8 1.8(0) 3.0(0) _ g
6.9 1.5(0) - 6.0(H) &

N
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Black Duck

Cove

L Blanc-Sablon® High

Low. 44.7
- ‘Subtidal }'53.4 (32.

ow
Subtidal
High

g/

(41.7-47.¢)
4.7)

©+36.8 '(20.1-53.4)
(=3.6-104.1) .
‘ (31.3 63.4)

5
4

31.9 (-38.8-102.8),
486.8 :(152.95-162.68)

Subtidals 48.1 (18.6-77.5)

B ,’B’igh 3
Low

80.1 (<743-904) - *
62.7 (-68.8-194.2)

© 0.37 (0.33~

0.40 (—0-001-0.8}0}

.42)

0.23 (0.05-

0.21 (-0.08-0.49)" -

0.17 (=0.17-0.50
0.27 (0.07-0.48)

0.23 (0.10-0.36)
0.0I (=0.41-0.44
0.33 (-0.19-0.85)

0.05%(-0.59-0%68)

0.11

.26-0.47)

1.21 (0.37-2. 05)
459

. .
. ¢ .
Table 6. von Bertalanffy p;ramatez values with 95% confidenceé 1limits and coefficients
e Of determination’ for ‘Strait of» Belle Isle study sites. (L= - asymptotic \
‘length; K - 1ntr1nuic qrowthrate cnnstqnt' to = time extrapolated ton
- lenqth =0). \s .
S 2 § § % . )
5 - T ;
) i \ 4 5
Site L /958 v K'9s to = 95% x
“migh 34.9°(24.8-45.0) 0.65
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Table 10. Gruwth in length of the she’l] (nm) from last winter growth- Int/vruption ‘ ]
< mark to mnrghl of growing K . . >

oy = N " Tidal Zone S
s - . High Intertidal .._Low Intertidal ®btidal
S . il I o~ ) i v

,T‘ .. Date - Size,Class (mm) . *
. Sl ) 5 '

,a pat Vi - . 15-30 -31-45 15-30 31-45 15-30 31-45 2&'
: Bte. Amour  guie21/81 iafols L.6%11 ° 1.2%0.6 o0.9%.6 2.1%0.8 X
i ; fpr dmeeh (n=12Y__p=17) (h=23) _ (n=16) (n=15) ¥ /
] P - . .‘
I !'Ianc-sa.hlun June 21/81 0.9%0.9 5 - = o= = P
: (n=12) . . . &
. . , . o~
i !Ilck)lck June 18/8! ‘14f06 - - - - -
3 - (n=12) :
5t 2 g hlchor Pt. .)'me bT./7:) R R T - - 2.0%0.8 1 I
s S H e (n=27)  {n=5) \
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Table 11. Growth i 'length of the Shell (mm) from- lnst winter gmth In&ptim
- .. = mark to rgin of growirfg !dge. - -

A - § . E

i S > / _ _ Tidal Zone

‘Wgh Intertidal  _  Low Intertidat .

. -
site Date ~ s+ .Size Class _(mm)
by ) S A ; R
; P i 5 .
il £ - 15-30 31-45 . 15-307 . "31:45 % \
Pte. Amour  Aug. 3/81 ~  2.2%1s . 2.9%.0 , -t -
- r = Cn=23). - (n=14) ;
" Blanc-Sablon Aug. 4/81° . 1.6%1.1 2.1%0.0 | 19012 -
it “(n=31) (n=21), (n=13)
BlacksDuck . ‘Aug, 5/81  _2.i%0.8 3mt1en -
. Cove SR (n=34) . (n=21) * /
Anchor Pt. 3.1%1.8 )
e . " (n=17)
A 7
a - W
, b )
- . J ,
\ - -~

3
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ks & 'l.‘ahle 13, Ancova zem}lts. Shell, width on shell 1enqth (xog-log plots): high
nte: ztidal M. edulis.
- / &
N | Model to Test Homogeneity of Slopes (si'gniéicu\ca Level = 0.05)
Ho "‘source of variation = _ DEF ss ‘MS ¥ Signif. of ¥
_ . Slopes of all  .Between Regressions __ 3 1504 1.501 3.83 p < 0.05
regression ¥ X i 3 .
lines are: Within Regressions 189 74.165 « 0.392
omogeneot . . % 2
E (parallel or t .
fall "on same . s 5
- lin iy . . 5
3 L Blanc-Sablon differs significantly from Anchor Pt. . (p < 0.05)
i Blanc-Sablon di!j}za significantly from Black Duck C. (p < 0.05)
o . Pte.Amour differs’significantly from Anchor Pt‘ (p < 0.001)
L8 £ Anchor pt. differs significantly from Black Duck C. (p < 0.001)
. g B -~
= Analysis of Covariancn Performed on Regression with .
= t Bomoqemcu- Slopes
. ,\\ g . .
- Ho' 3 Comparisons . % Signif
There is no differ- - pte.Amfur/Blanc-Sablon ) ™
.. 'ence between sites.. -
LT e theteovariate Pte.Amour/Black Duck C. o ns 4
length is adjusted .
£or ; % i 3 \ <
< L s g

d

L




Table 14, ' Ancova results. Shell height on shell length (log—lcg plocs)x
high. intertidal M. edulis.

- .

Model to Test Homogeneity of Slopes (Significance Level = 0.05)

Ho . sSource of variation ~-DE ‘S8 M8 . F Signif Mof F
slopei- of ‘all Between Regressions = 3 3.042 .. 1.014 4.8%5 : “p. < 0.005 "
zagzelaion lines 5 < 5

w. 190- 39.6@6 0.208 o~ , 1
- (pa:al.lel or - ¥ J e / P
z-u on same . e ., £ =
Pte.Amour differs significantly from Anchor Pt. - _(p < 0.05)
of v b
. Pte.hm:ur. differs signincanuy £rom -Black Duck c.'(p < 9.01)
{3 &
Anulyuis of Covuunca Performed on Raqtelslenl with -
5 . Homoganlnul Slopes: ‘
ks Ho) g comg-riso i
- '.!'herq is/no Blan::sablon/?te.* Amouy/ ., %
.u" after the eg® blon/Anchor P - | ns
covariate length " Blanc-sablen/Black. Ducl ns é ~
1:."”“’-“" TOT"  anchor Pt./Black buck C. ns .
. o >
~ - 3 &
. g . i

8L




. ‘~Fale15. Ancova.results.. Shell width on shell length. (log-log plocs)x. e
* . 1w intertxdul M. edulis | a

i s " e =
¥ “, ' Model to Test Homogeneity of Slopes (Significance Level ='0.05)
Ho ' Source of Variation DF ss M8 . . F Signif. of F
prit e v ST o~ 3 - 3 bl
o l.opla Qf al Between Regressions 3 7.652 2.55  3.96 p < 0.01 :
% riegression, Tines i ) “ 5 Ve
3 - - Within ] ons 157 100.9  0.643 X
<Jparaite) or - 3 G,
fall on same . i TARE AN 4
HES 1’-"’_ ! Blanc-Sablon differs significantly from Pte. Amour (p < 0.001)
.t . . ¢ Blanc-Sablon differs sighificantly from Black Duck C.(p < 0.0001)
p %L e Pte.Amour differs significantly from Anchor Pt. (p < 0.01)
“ &g Black Duck C. difftrs signiffcantly from Anchor Pt.-~ (p <o0.01) - -
P . Analysis of ccvanance Parfomad on Regxesu\'ons with . 4
e - N . Homogermous Slopes - - -
- T me ’ N P Signif. < &
“. . there’is no Blanc-Sablon/Anchor Pt. p < 0.05 3
% - difference. - ) . 2PS )
between sites® . Pte. Amour/Black Duck C. . i . ns : .

after the co- -
variate lgngth . . . 3
ig adjusted for A .




Table 16. Ancova
- . intert

results. . Shell height on shell length (1og-log plots): " low
idal*M eduli- .

. There is no

'’ slopes of all

regressi 1 inel
are homogini

“pi
on* same 11ne)

Model to Test Homogeneity of Slopes (Significance Level = 0.05)

~ e
Source of Variatien % .or . ss” MS ‘P Signif. of ¥
Batween Regresaions & " 8.629° 2.876 ~3.528 p < 0.05
Within Regressions ‘_ 157 127.901 ‘0.815 ’

rallel or Eall

N . # g
Blanc-Sablon differs significantly 'from Anchor Pt. ’(p < 0.05)

Anchor Pt. differs Jigni-gicanuyff‘min Black Duck C. (p < 0.05)

. Pte.Amour differs significantly from Anchor\{t:.\ (p < ?n05)

difference

_between sites

after the co-
variate length -
is adjusted’ for

Analysis of Covﬂrlanca Performed on’ Reqxesuions with
Homogeneous Slopes

- Comparisons Signif.
Blaric-Sablon/Pte. Amour < . . ns 7
+ _ Blayg-sablon/Black Duck C. f \ns P '
Pte.Amour/Black Duck C. ' ns -

1

08



Table 17. Ancova results. Shell weight on shell length (log-laq pla(—.s
intertldal M. edulis collected in August.

high

. Motel to-Test :Hcmo%enei{y of. Slopes (Significance Level = 0.05).
- 2 .
.. Ho'“. . Source of Variation “DE, 88 ' MS F . Signif. of F
. Slopes of all Betwgen Regressions 3 0.086 0.0287 3.588 p < 0.05
Tegression lines . N : %
are homogeneous., Within Regressions{ 171 1.391 0.008 .

(parallel or
:fall on same ..
- “line)

Ve 5
Blanc-Sablon differs siqniticantly B i
Erom Anchok. Bt. .. o o (1,106)=5.82 = (p<0.05)
Blanc-Sablon differs tignificantly

» ;
from Black Duck C F(1,92)=7.79 . (p<0.01)

. Ho

” -
Analysis of Covariance Performed on Regressions with
.

Homoqeneoul Slopes

cemgatiuons i - ; % signif. of F
B g : s g, B > «
.There is no’ _Blunc-sablon/?te.!mour F(1,78)29.199 ! p < 0.005
-, ‘difference . : $78)=9. . ’
between sites Anchor: RPt:/Black Duck C. . Py Suyavi.on * ¢ ~  p<o0.001 .
ut:er{the co~ - Pte.Amour/Black Duck C., F(l 66)=6.375 p <-0%05
© - wvariate lepgth - i R : & % -
is adjuated for® .-, PES-Agour/Anchir Bt. P, 60)=5.691 - p < 0.05:
<’ i - . d
-~ 9
~' 3 ’
& ” ¥ - & v t

T8
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Table 19. Ancova results.  Shell weight an uh.ll length: (log-lo(plnts). subtidal -
5e. = ted’in Novemb

edulis collect

: . Aod}l to Test .Homogeneity of Slopes (Significance Level = 0.05)

B
] of Variat, DF . ss M8 P Signif. of F
Slopes of>all Between Regressions 2 +0.215 0.108 12 . p < 0.001
regression lines iR B ' 5 ¥
are r Within ons ‘g 156 1.472 - 0.009 : 2
. (parallel or . s @ 2 5 i
: fall on same line) - s .
K Pte.Amour differs significantly from Anchor Pt. . F(y 102)_19 52 (p<0.05)
— § X © . . Pte.Amour aiffers slqniti:n from Blunc-Sn‘blcn '(1 107)=7.75 (p<0.05)
B I~ —
o~ : ) . Analyu- of Covariance Performed ongRégressions with y .
oy 3 g . Homogeneous Slope:
¥ .
% 1 H . . Comparisen: hl Signif. of F
?  fhere is no differ-  Blanc-Sablon/Anchor Pt. F,, - p < 0.001
& b.ewe-n sites . <t (S ; GEr104)m13.081 . §5
. atter th 5 ) . %
o driate—ve ngth is " P ~
% justed for . - ~ e ¥ -
3 N
J »
X . 5
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| covariatd length: . ‘Blanc-Sallon/Anghor Pt. - (F()’ 110)=112.669 /" AB §0.001 T\ e

y 24
Table’ 21‘./ Ancova relults. Meat we:.qht on shelq length (luq-loq plota)x hw :
/ intutidal M. “edulis collected inJu ne .y l A "

/ Mod!.l'to Test Homoganeity of oslopeu (slgnificance Level = n 05) red

Loireiide Variation, _DF . S8 M P\ -signif. of r 3

Between Regressions. '~ '3 0 0557 0.0186 5288 N ns/

engo ‘Within Regressions : ' .~: 209 2 3se 0.0113. P
‘(paral®1 or fall. ,’ = DA : e g i .
on. the same line). Y g 8

- Lt
’A;nlysin of Covariqnce Periomed on. Regresnn(s with
Hamaqenloul slop- i e

Ho / 4 cmga ilon-.
Pl
There is no di.t!.'er-— Pte.\ Amour/B].ack‘Duck. Ci « “_ lol)=51 398

gggrb:geen Ssites *Bla_nc sablon/sllek IDuck C.

.

(1 116)=83.7747

is adjusted for - : i » N |
7 2 Pte. Amour/Blanc-Sablon F(l 110)=150:79 - P < 0 ([ 38 £, X |
p’ T, D B 1 il

g g 20 . Pte. Amour/Anchor BEi.  F() g7)-4.764 :
: = S764 . :
- + Anchor Pt. /nlack Duck C. Fry,101) 39/638 ~ p < 0.001 . ‘{‘
. v =38.. 3 " g ) ’
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Table 22. Ancova results. Mut weight on uheu lenqth (Lag log plets) subtidal’ /
g / © M. edulis collectqd in November. /’
Lo X 4 sa L
7 = . 7 ~
/ N Model to Test Houogeneity of slapas (significance Leve:g‘ 0.05)
Ho Source of Variation / DF ss_. Ms [ E Sigga.f/ of F -
/Slopal of all Between Regressions 2 .0.012 0.006 0.462 s
/regression lines - % %/
are Within 155 . 2.0480.013 / /
(parallel or fall 3 : : : c il 4
on the same. line) SR A 7 ! i
Analysis of Covafiance Purfoxmed “on Regtelsxvnn wieh’ x\
Ho < - E 'signif. of ¥
e . é:) 3 : / 7
\ b s ! /
K - - N
e i O s R
after the covariate . 3 o R (1,102)=115.16 P s
length is adjusted Blan Sablon/Anchor Pt.\. p < 0.001
for - ) s

F(1,104)=13.057
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‘ FIGURE 2.

<. .. " Thick line: Savage Cove

‘s-:rflcé water, temperature and salinity profiles
for uorth and south shores of the Strait of Belle
Isle. % e . .

e « .
I0P: Monthly-average, surface wat 3
teaperatures for north (thin live), and
south (thick line) shore sit
Inlet- Thermograph data for.Pte. Amour, mid-
‘interti u.xuu.

Temperature and salinity data at 11 a
depth for sn-g. Cove and Pte.

Amour

Dashed line:: llllnlly

Sol{d ‘line: temperature

-~ “Thin line: Pte. Amour 3
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FIGURE 3.

" November,

Percent. Erequency of u. edulis in various ;
spawning stages. at Pte. Amour, Blanc-Sablon,
.and Black Duck Cove 14 June, hugustand '
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requencies of S§rate nf Bella gt
edulis’populationss
lanc-Sablon; AP: Am:hor Pt.;

(PA:Pte.” Amout
\xn-uuk Bu-:kl
\Hatching represents an. unqnln\:ified 2
\nnh:t of mug e“; fo"the 2-5 mm range.’
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F1GURE 5. Age-spedific fecundity in Strait
E dtio

H. edulfs popu (PA:Ptf. Ambur; - K
4 BS:Blanc-Sablo Black Duck Cove; AP: ;
.. Anchar Pt.). i i -
50114 line: high intertidal. - : s
B : dashed, line: low intertidal. s %
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PIGURE 6. Gamete weight as a percentage of tota
- free body weight {
/¥, edults. :

*

high fntertidal.
low intertidal.
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FIGURE 7.

@ .
T

Meat dry-weight biomass, ‘sbundance, 'Ln
reproductive output in Strait of Belle 151(
_ intertidal M. edulis popuuzuna.
¢
abundance.. :
P toral meat weight.
stipple: gamete weight. '
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; FIGURE 8. von Bertalanffy linear shell groweh curved®
) - for high. intertidal Strait of Belle Isle
s M. edulis populations.

circles: mean lengths at morth shore sites
(Pte. Amour, Blapc-Sablon). .

triangles: mean lengths-at -ou(h shore sites
(Ahchor Pt., Black Duck Cove).

. - closed vertical bars: 952 cunfidence lates
: i about means.
. dfen vertical bar ranges for n=2 observations.
£ points with no bars: n=l observations.
3 . y . : \
. ’ « \
. » L —
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-+ FIGURE 9.

&

von Bertalanffy linear shell growth -curves for
low intertidal Strait of Belle Isle Strait of
Belle Isle M. edilis population.

circles: mean lengths at north shore sites
(Pte. Amour, Blanc-Sablon).
triangles: mean lengths at south shore sites
(Anché¥ Pt., Black Duck Cove).
closed vertical bard: 95% confidence limits
sbout means.
or n=2 observatio
n=1 observation

open vertical ba
points with mo vertd.
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FIGURE 10.

|~

Won Bertalanffy linear shell growth. curves for

subtidal Strait of Belle Isle M. edulis

populations.

circles: mean lengths at north shore uuu
(Pte. Amour, Blanc-Sablon).

triangles: méan .lengths at south shore sites

A (Anchor, Pt., Black Duck Cove). -

clonad vertical bar 95% confidence limits

y_about ‘meags.

open vertical bars: ranges for n=2 ‘observations.’

pofnts with no vertical bars: n=l observations:

{
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FIGURE 11. von Bertalanfflyy linear shell gtowth curves for

s intertidal Strait of Belle Isle M. edulis: -
\ comparisons between tidal level L
- circles: high-intertidal mean lengths.
' . ; . trian low intertidal mean lemgths.
? c1o.=§\14513c-1 bacs: vertical 95% confidence

\ limits about means. '

( open vertical ba ranges for n=2 bbservatioms.
( ~_ points with no '\ rtical bars: n=l observations.
.
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Figure 12. Shell morphometric'data for Straft of Belle Isle
M. edulis populations collected in August,
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. 7 p APPENDIX: A .

Formation of the She,ll Internal Growth Line in Hz‘tll-us edulds

“Lytz (1976) conclusively demonstrated - that the major,
Tepeating nicrogr;vl: increment in M. edulis >lu annual, and
occurs in the imner nacreous shell layer. ‘Lutz .and Rhoads
(1977) potnt out that wicfoscructural “growthiincrements vithin
nucr‘e' hive onky rarely been reported. Ins:;nd, n&&a:ﬂen
g_xnllf.lh increments ‘have been studied in the outer; prismatic
shell layer (g.g. Pansella and ancllntou;k, 1968;  Barker,

1970). s

Internal growtb-lines in bivalves' which have an' annual
perfodicity can be classified into ome of two categories,

winter or - winter/spring - deposition. (e.g. Panope generosa

.
:Shaul and Goodwin, 1982; Geukensia demissa :Lutz and Rhoads,

1977;  Mya argnaria: MacDonald and Thompson, 1980) and

deposition at the time of spawning (e.g. M. edulis:lutz,

1976; .- Mercenaria - mercen :Kennish ‘and Olsson, 1974;
Arctica {slandica and Spisula golidissima :Joneswl980). In

the case of A. solidissima, the coincidence

of appearance of the growth line and ‘spawning is most striking
as the spavning periods occur in different seasons 1in these

two .specfes. In my study the timing of .déposition of the

Jinternal growth Line colucided with the sjawning season’ and

rising water temperatures. Variation.in the timing of growth

line deposition within 'Wopulations s consistent with the
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. spawning period, wigln m

sel populations {in general,
staggered about a maximum. Furthermore, To-cantrast to Maime 7
mussels which deposift\. a growth line in mid-June, during the

spawning season, Strait of Belle Isle mussels deposit a Llime’

approximately ome wmonthilater, but again during the spavning

i season. , .
Despite the voluminous 'literature pertaining to all other

dulis, the literature related, -

/ aspects of the blology of M.

to 1its 1-..:?&4»“»_1{; iu‘depnuperule- Barker (1970)
aintaines that 1t

was vinpnlllhle to factor out either

temperafure or spawning activity to arrive at the true’ cause

' for gyopth ——ixm'd.pnxuan. In accordance with other grovth
line studies (e.g. Rarker, - 1970), in my ‘study, spavaing
:-cti.vit-y coincided with 'u.ing (near peak). surface water
teIP;rlturel. . S & .
The observation \of  reduced shell growth during the

reproductive  period 1is not new. Bruce (1926) observed am

almost complete shutdown of shell growth, throughout and #r

some time after the actual spawning period, and it was not

until later that high summer temperatures and a reduced demand 7
. : . ;

by gonadal material.allowed remeval of shell deposftion. Coe %

i and Fox (1942) yoltut ted that a mid-sumser decrease in shell
4 growth rate might be nurlbus’d"/t | the spawning "cycle.
‘Musséis-are str .

d, in energy or metabolic terms, because of

gametogenesis ' (e.

Bruce, 1926; Pickens, 1965;. Bayne,
1973; ‘Gabbott and Bayme, 1973;. Dacs and Fdvards, 19%5). I v
suggest thaf what litele gyidence exists indicates that the

- formation of the internsl growth Adine in M. Eu- may be the

L4 . .

\, ' s
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result of gan - energy or metabolic “shunt” from the
shell-building process de the maturing gonad d‘rin»g

accelerated gametogenesi possibly during the vitellogenic /

(maturation) phase. - ; e .

“Lutz (personal communication) claims that the above

hypothesis is similar to what he suspects may be caMng

: !

growth line formation in M. edulis, and gcomments that
z - .

oxygen may be ~“shunted” to the

...During gametogenesis,

mantle tissues. This 1in turf§ could result in increased -
wtilization of anserobic pathways in ‘the’ mentle tissues,
.x;!sultins in production of = acidic end pro_ducca"tim: could
actually be responsible “for. -shell ‘dissolution.® This:then-

would be in accordance with the general anaerobic theory of

growth line formation (Lutz and Rhoads, 1977)

—/  After examining approximately 500 shell thin sections

diring the course of my study, it has become apparent to me,
a5 1¢ has to ochers’ (Pannella and MacClincock, "1968), chat
intertidal mussels”typically deposit a more clearly defimed
*groveh line than do, subtidal mussels. Mussels ubich are able
to feed constantly (subtidal) likely would nai be stressed -as
much, i energy terms, during gametogenesis [due to: a more
Conatdnt food. supply T Better sEofed eneriy Feserves) ol
would mussels with less = time to fge\d (intertidal).
§uh-e'quen:1y, the energy shunt away from shell growth would ‘be
less in these musselé than in ingertidal mussels, .with. the _
tesulting less, pronounced  growth 1o towad da subtidal
mussels. An exception to this occurred in my study e the
shallow ( 2 = depth ) subtidal, Anchor Pt., aits, whers ‘the
i ] N

L.



" Kautsky (personal communication) que'\.uo-u whether or not

growth line distinctiveness could best be explained.in’terms

-
. ~
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aussel population showed very promounced growth lines.

Whereas all the other sites occurred on exposed coastline,

5 l N
this latter site was in a-6heltered locality. While the low

intertidal, exposed-coast populations are densely aggregated,
and characterized by prominent {nternal growth lines, the
subbidal populations are typicdlly not as dense. In the one
sheltered locality, however, missels were very dense, and T
suggest that'' this high density, combined with the shallow -
dapiiak ichia vatats way ‘resuits £o'e sttuation "where food is
lialting to growth. Thus st the time of vt‘:elw@esu, shell
growth, ia “markedly sloved § duwn...nl in .tht intertidal’

N 3 Y "
populations,, with' a corresponding well- defined growth line.

of energy bslance rather than by fout _ibhadiiices CHe
postulates that emergy supplied durimg the reproductive period
1s probably chadnelled Ln:o gonad "development, ' resulting ;,u
low shell growth despite abundant food (Kautsky, 1982a). He

goes on to say that this energy shunt, combined with

4

temperatyrp differences (air and water) between intertidal and °

subtidal zones and the corresponding effect upon metabolic
rate, + might explain the differences -in growth Iine

distinctiveness,  Still another explanation .to  explain

. differences 1in growth lime Histinctiveness is put forward by

' B. Le Bayne (personal communication). . Some recent evidénce

tagt he has for ¥ cdulis and that Griffiths (1977) has. for
Choromytilus indicates . that the higher the .tidal -level

inhabited, the greater. the reproductive effort.

)
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