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ABSTRACT

‘Populations of the giant - scallop: Placopecten magellanicus were collected
from different water depths at several -locations in Newfoundland. ' The major

objective of this study was o determine whether growth and production differed”

 between® papula.t)ons and, il so, whether such dll‘ferences’waxe attributable to food

nvmlablhty and temperature regimes.

such as the aninual cycle of gar is, fecundity, ive effort 4ad

~reproductive cost were also measuredto déterminie if they were directly influenced

by envirnmental variables. -~

“ Additional *information was obtained by examining scallops from New

Bruswick and Nsw Jerssy to determine whether growth and reprodictive”
characteristics are altered by conditions such'as temperature known to vary with -
latitude. " Scallops grown in susp,ended culture proyided an oppor!umty to smdy

age related |, growth and reproductjon in: a lation of F 1l

introduced to a more favourable but somewhat artificial envlronmenh

Mot Tiptd ahell gomtvates, greatss somats snd ghiste priductiva, and’

higher reproductive effort values were recorded for populations growing under
more ditions of food and

d with shallow water
and sispended culture conditions. Clearance rates and metabolic rates were well

comelated, with seasonal changes in  environmental -variables. Estimates of

- reproductive cdst suggested that’ ions P.magellanicis from Newfoundl

2 /
are generally restrained in their reproductive patterns.

‘Local envi tal conditions strong] , estimates.

’EIIS is especmlly |mpurtaut in any consideration of geographical trv.-nds in growth

and: repmducnve charactemncs, s the presence or absence of such trends 5
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:  appeared to depend on which chataéteristic was compared and .the methodslogy :
N used: " Scallops Trom Newfoundlaid grew os fast as thosp collected from more -
southerly locations sad were more prodictive especiallyl when the_apparent A
tempernture xdvantsge avmlnl)lg to the latter populations was taken into accoint.
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' L Chapter 1 i S
INTRODUCTION - . . - . = !

‘
1.1. Production and Energy Balance

Bstimates of production have been iselil in assessing energy flow and the
contributions of several species of marine invertebrates to the ‘ecosystem
(Rodhouse, 1979; Griffiths, 1981b). Tétal production consists .of somatic tissue
growth and the production of gametés. Observed differences in production have
usua.lly been attributed to different food and temperature Tegimes, b‘ut food

availability has been quantified less frequently (see Bayne and Newell, 1983 for
review).” Growth potential and reproductive potential are good.indicators of the
suitability of the environment, as they represent the integrated response of

physiological activitiés in the organism. The approach often adopted: has been to

‘! compare amma.k collected aléng some presumed or measured  gradient of - 3
environmental stress such as the mtertndal zone (Newell, 176), in" addition to, «‘\
comparisons' of populations from various environments to sssess production .
potential for commercial exploitation (Lutz,1980; Ventila, 1082). 8 v

The jnfluence of temperature and food on the growth of bivalves hes been *
well documented, - especially for mytilids (e.g. Widdows,1078; Bayne and
* Worrall,1080; Kautsky,1082a) and pectinids (e.g. Kirby-Smith and Barber,1674;
Bioom and Mason,178; Vahl, 1080, but with the exception-of very recent studies
by Bayne and Worrall (1980), Griffiths (1981b), Kautsky (18825) and Bayne et al.
(1983) their effects on reproducnve output~are less well known. Sevensl studies
ha@ related clearance rates, absorption efficiencies, and metahohc rates to ' i3
% envlr%nmental variables in order to predict the effect on the organism's energy
»
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balance (e.g. 'C_;ril’f\ths-and Kin‘g,lgﬂ)a].r' These
determined .in the laboratory using’ phytoplankton cultures and controlled

and then lated to thie natural conditions. Values from such

rates have commonly been

stuies may not be truly representive of the natural situation, and more emphasis
s now being placed on measuring, physiological rates in the field (Bayne <t
o1,,1976; Newell and Bayne,1080; Kuppusamy  and Ramalingam, 1982) and on &
seasonal basis under ambient temperature and food conditions (Bayne sad
“Widdows,1078; Widdows, 1978; Vahl, 1880; Thompson,1984b). Measureinents of
food availability and ingested ration are necessary for an_understanding of
ecological energetics in bivalves (Widdows et al,1979; Bayne and Worrall, 1980;
Vahl,1980). Accurate comparison of production estimates between populations is
difficult due’ to spatial and temporal differences in population structure
(Giffiths, 1681b) 4nd the variability of such estimates is often not quantified
(Broom, 1083). : ’

1.2. Gr’owth and Reproductive Cycles 3
g ¢ '

Growth rates form an integral part of any production study. Bivnives are
ideal lo; such studies because’ the shell provides a record of the growth history
{S6ed;1076). ‘Age snd growth rats informistion for bivalves has routinely been
obtained by analyzing shell growth increments (jnternal and external) or by
interpreting size frequency “distributions!  The  results .of several studies
demonstrating the'na\'antages of using internal growth lines have been included in
an extensive review by Lutz and Rhoads (1980). -

Growth rates have often been expressed in mathematical terms by the Von

- “Bertalanfy model which relates some measure of size (usually length) to the age

of ‘the animal. Despite some criticism (Knight,1068) the model'may adequately

describy growth when large numbers of animals are used and the entire size range,

espécially the larger animals reaching the asymptotic length, .is considered.

According to Brousseau (1079) the model is valuable for comparing growth in
single species populations and should: bé valuable in determining annual growth
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inerements, which' are essenti;&@: any age-specific production estimates. Misra
(1980) and Kappenman (1981)° prﬁide methods for comparisons of such growth

curves.  Growth has also been described by alternative methods such as

* polynomial regression (Rafail,1072), which has the advantage over the Von

Bertalanffy equation of rigorous mathemdtical. testing when two or more
pnpula‘tions are compared (Roff,1980). ~Advantages of the Von Bertalanffy
equation include the fact that it has frequently been referred to in the literature,
thereby greatly faciltating comparisons with previous studies, and the parameters
describing relative growth rates (k) and maximum’size (Hoo) have biological
meaning. In this study polynomial regressions and Von Bertalanffy growth curves
were fitted to the data not only for the purposes of describing growth in
Placopecten magellanicus but also to_compate the two methods. The emphasis

on describing bivalve giowth rated has often centred on conveniently measured

shell mor

which may not properly describe sorhatic growth.

Reliable age estimates ate essential for any study of bivalve growth rates ,
especially those describing somatic or gonad production throughout the entire life

spati. Stevenson and Dickie' (1954) have demonstrated that the external growth

rings in Placopecten magellanicus ‘are laid down annually, and this has-béen *

confirmed in Newfoundland populations by Naidu (1969), but annuai internal

_ growth lines have not beén described in the shells of P. magellanicus or other

pectinids. Reasons for this-may include the shell mineralogy, which for most
pectinids is composed of foliated calcite and crossed-lamellar aragonite layers
(Taylor et al,1960). However, annual growth bands appear on the calcified
portion of the ligament and on the resilifer depression providing an alternative
method of age determination for P. magellanicus (Merrill et al.,1966).

Ny

"Beamish and McFarlane (1983) emphasized the-lack in the literature of

serious"attempts to validaté techniques for determining age, and stress ‘that this
may result in serious errors in fisheries management and the understanding of

population dynamies. There are inconsistencies not only in the formation of some

R

B
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of theseanemal (Crabtree et al.,1080; Hughes and Clausen,1980) and éxternal
(Gruffydd,1981) growth lines in bivalves grown under similar conditions, but-also

in their detectionin identical bivalve specimens (Crabtree et al,1980). . The

majority of studies d with determining the precision ducibifity) of &

series of age estimates have mvolved fish species and have been made using t the

percent agreement technique, . the number of times twg or. more observers

alternative procedures have been presented by Beamish and Fournier (1981]“znd
| Chang. (1982). 1deally, some indication of accuracy and precision should be

|

| ascertained for the method used to estimate age in order to obtain some degree of

\confidence in assigning ages to individual 3 - Inconsistencies fin the

formation and detection of growth increménts make i ific and intraspecifi

| -
quparisons among bivalves more. difficult.

‘| Unlike other commercially important bivalve species such as oysters, clams
o

and mussels, ‘very little is known of the ecological production of Placope:len'

y“nagellanicus, although several studies have provided ‘shell growth or fisheries

cateh information for this species from the following areas; Bay of Fundy

(Stevenson and Dickie, 1054; Caddy et al,1970) Georges Bank (Merrill . ol 1055),

Newloutdland (Néidu,1969), Northymberland Strait (Jamieson et al,1981a), off

 the coast of Nova Scotia (Jamieson et ‘al. 1981b) and Gulf of St Lawrence
o ‘Amours and Piloe,1082).

I B

A. problem ¢ 1 d in production estimates of several

invertebrate species has been the measurement of somatic growth only (for

review, see Warwick, 1980) while -neglecting the ducti " This

omission may result in underestimation of. production and turnover ratios for

bivalves by as much as 80-90-% depending on the species (Bayne and Worrall,

- 1980; Griffiths,1081b; Thompson, 1979,1984a). Owing to the distinct differences

. in reproductive output within populations between various ye;rs any study

\ considering only one season may provide misleading results (Thompson,197; .

agreed on the age they assigned to a specimen.  Limitations of this method and _
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Giiffiths,1081b). In this study the reproductive cyele nnd production of garpetes

and Somatic tissue in Pl lanicus were monitored over a three year

2 period. The measurement of gamete output directly by induction of spawning in
the laboratory (Bayne et al,1075; Thompson,1983) or gonad weight loss on

spawning have frequently been used tb quantify gamete production. A ' - **™

prerequisite to any estimate of

output is a knowledge: of the

reprodugtive cycle, especially the duration and timiing of spawning(s).

Teproductive eycles of matine: bivalves comprise a. gamglogenic’ phase,
spawning, !arvnl developmient and growth. The cycle may. be annnal semiannual i
or continuous depending upon the species and location (Sastry, 1976).  Well J
documented patterns-of energy storage and utilization are often associated with
these cycles, although the role of endogenous and exogenous factofs and their

- i actions in the ization of gamete P and release within

populations are still not fully undesstood (Bayne,1076; Sastry,1979). Microscopic
*exsmination of prepared gonad aterial hasYrequently’ been used to divide the
5 atire cycle intoﬁuur arbitrary .cnteguries i.e., developing, ripe,-spawning and 3
C;‘“‘" Separation of thesé categories has been rather subjective and.intervals
“between stages are arbitrary and unequal, which leads to difficulty in statistical

1 in stereological techniques using a Weibel test

analysis; - Recent d

screen applied to bivalve gonadal tissue has provided a quantitative method of

- comparing major events ol‘ the cycle ‘'to environmental variables (Lowe et
. al, 1982)
¢ { P .- f
Sexes are separate in Placopecten. magellanicus /with a low incidence of
ilermapbroditism (Naidu,1970) and no external signs of dimorphism,/x‘\_!\aidl_x (1070) BT

described the reproductive cyele for .P. ‘magellanicus in Newfoundland and

~ divided it into ten arbitrary ies based on pi and

Gonad ion occurs from spring to early summer, t

and syawnmg takes place near the end of { August o early September with the 2
. posslblhl,y of a minor spawnmg in June. CycleE‘l“energy storage and utilization R
u:r W

P 2
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bave been described by Thompson (1877), who demonstrated that the energy

reserves . from the prévious year do not:play a significant role in subsequent
growth and ion of P. llanicus gonads ih Newfoundland. Robinson et

al. (1981), working on the same, species in Maine, found that the initiation of
gametogenesis was dependent on stored energy reserves, although, the complenon

of gameétogenesis utilized energy Mcumulated in the spring.

Seve;al species ol‘ marine invertebrates have extenslve distributions and are_
oIten found in several geographical areas... By studying populations. within these

nrens, it may be possible to determine whether the factors that vary with latitude

* ‘affect reproductive characteristics and growth. Annual fluctuation in seawater

temperature has been the variable of principal concern in such studies, although a

simple causal relationship has beed difficult to demonstrate, partly due to the

effect of food availability, which has seldom been measured (Newell

et al,,1082). Clear latitudinal patterns do not always emerge or necessarily hold

true because localized conditions may Obscure any real trends. Variations in
reproductive cyeles often accompany a change in latitude (Giese and Pearse;1974;
Sastry,1079) such asi southern populations initiate reproductich “at higher
temperatures and later in the year than northern ones (Seed,1976); higher deg_ree
of synchronization of spawniné in higher latitudes (Ockellmsnn,lﬂﬁﬂj; more
prolonged spawning in lower latitudes (Sastry, 1979); more restricted breeding
season 'in higher latitudes, confined to the warmer months (Sastry,1979); and the

possibility of a second spawning in the south. versus only one in the north

. (Pfitzenmeyer,1965). &

Placopecten magellanicus occurs only in the Northwest Atlantic, from Lhe
" Strait of Belle Tsle to Cape Hatteras (Posgay,1957). With this relatively wide
distribution this species is' well suited for the study “of factors regulating

reproductive characteristics and growth, - through comparative studies of

latitudinally separated populations. Thé southern limit of distribution for Pr

magellanicus may be determined by lethal high water temperatures in summer

;
4
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(Dickie,1058), whereas the northein limit may be restricted by water temperatires

too low for spawning or larval deyelopment (Bourne,1964). The reproductive «

cycles for this species have not been described-fer-areas other than Newfoundland -

(Naidu,1070), but the times of spawning throughout the geographical range have

been summarized by MacKenzie (1979). Apart from some comparisons of shell
grovith (Dickie,1085; Merrill et al.1086; Naidu,1959) no comprebensive study of
latitudinal variation in growth exists for P. magelldnicus. - By studyiig P.

Hani jons from distinct ical areas insight will be gained

into whether or not latitudinal trends exist in growth and reproductive
characteristics. o
Latitudinal studies havebeen used to demonstrate the p;ssible influence of
environmental factors on ‘growth and reproductive characteristics. Food and
temperature conditions may also vary with water depth. _.On the basis of this-
‘assumption, comparative studies have been undertaken . Several commercially
important scallop species have wide vertical distributions making them ideal for
such depth related studies. Placopecten magellanicus is 1io exception, as it may
be collected in very shallow wate} (~ 2 ) near its northern limit but extends to
moderate depths (~ 200 m) in £he more southerly parts of its range, with variable
depth patterns-at intermediate latitudes. Reduced shell growth in giant scallops
from deeper’ watérs hés been démonstrated in the Bay of Fundy (Brainen, 1940;
Caddy et al,1970) and on Georges Bank (Posgay,1976). - Other scallop species
such as Hinnites mullirogosus grown in suspended culture off' the coast of
California (Leighton,1079) ‘and Pecten mazimus in Manx waters (Mason,1057)
show similar trends of decreasing shell growth with increasing water depth. All
“these authors attributed growth differences to food and temperature conditions;
although only Posgay (1979) and Leighton (1679) provided quantitative evidence
of ‘lower food availability in deeper water. . However, Richardson et al. (1982)
reported that water depth had no influence on shell growth of cultured Chlamys
opercularis from the Firth of Clyde and Gruffydd (1974b) came to the same
conclusion when studying natural populations of Pecten mazimus in the North

Irish Sea.

S,

i
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Several species of marine bivalves such as oysiers‘ mussels and scallops have
been the subject of extensive' aquaculture projects, as 2 result of overfishing and
high market demand (Lutz,1980; Ventilla,1982). Whether factors varying with
water depth affect shell grcv;/th or even production will depend on local
oceanographic conditions and may be of primary interest to culturists;. especially

those cage i ing the bivalves in the

water éolumn can increase the rate at which they reach marketable size by

diti

proving food aid/or temp 9 in, addition to reducing] natural

predation (Lutz,1980). Scallops grown under suspended culture conditions were

used as an experimental tool in this study to provide an opportunity for studying

growth and ducti h istics under conditi v to the

animals.

|

1.3. Reproductive Effort i i

One of the first to address the question of the partitioning- of epergy
between growth ‘and reproduction was Fisher (1930), who eonsidered. not only the
underlying physiological mechanism but also any future consequences of particular
allocation patterns for iteroparous organisms. In addition to speculating on the
circumstances that may cause the organism to alter.its allocation pattern Fisher
(1930) also introduced the concept of reproductive value, (RV) defined as the
average number of offspring a female is expecteddo produce during her lifespan.
Williams (1966) and others p'rorpesed models to predict how natural selection
would alter an organism’s allocation pattern. Williams (1068) restricted ‘the
definition of reproductive value to represent current fecundity and introduced a
second term, nsid‘nal reproductive value (RRV), to représent‘the organism’s
future n’zpmdnctive potential by taking into consideration age-sp@‘cilic fecundities
and survival probabilities. The major assumption of the theory is that a tradeoff
exists between current reproductjon, growth; and survivorship due to reduced -

somatic investment (Bell,1084a).

Ceritral to the theory of life history evolution is the concept of reproductive
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. “iftort, defined by Hirshfield and Tinkle (1973) as that proportion of the' total
: ' energy budget that.un organism devotes to the reproductive process and the costs -

associated ‘with it. =" These authors ‘stress the need for appropfiate ‘measurement.

and a proper understanding of reproductive effort in order to examinie theoretical

‘assumptions and ‘make predictions relevant_to the natural situation. Theoretical - = . -
éonsiderations of the-adaptive signifi of tastics or strategies which organisms™

uuhze to budget their available resources over their lifetimes have been revlewed

. Stbarns {(1976,1080). " Aceurate “data concerning life ¢éycles, resouree

‘partmomng and mortality aré necessary to determin which selection regimes
<& " favour spreadmg repmduchnn over several years (uerdpanby] or concentrmng it
into a single year (semelpahty), and.‘the adaptive va&ue of these patterns depends . .
"oh the  interplay "between the enviromment and [ihyslologxca.l variables-
(Aldridge,1982). The ultimate goal,of, life history theorists is to understand ?

reproductive charactemtncs and their variability under dmmm environmental

conditions 'to evaluate an individual’s fitness expressed as the number of ',

surviving offspring ploduced ‘dufing an organism’s lifetime.

Reproduction, may haye ai adverse clfeet 6n the pagent if somé of the' i '
limited resources are diverted away from othez., essential metabolic processes,” -
o " thereby placing the parenl at risk by decreasing future survival and reproductive
" output (Calow,1979). Cslow (1076) reviewed the literature and - présented -«

. ‘evidence of a negative causal refationship between repmd\nctwe outp\n, residual

reproduttive @Le«agd parental fife span in triclads, millipedes, mites, lizards and
birds in addition to ing a itative method of ing reprod:

cost. The index of. cest s zero when reproduction makes. no demands.on other
metabolic processes, bt the organism is conidered reckless if reproduction takes

place at the expense of other aspects of metabolism (i.e., a positive value for- the
~cost- index) and alternatively “restrained if ‘reproduction does not utilize all

*.. available energy after other metabolic expenses have been met (i.e., a negative

. vilue for the cost index). ", . ¢ o ) .




" Despite the recent increase in studies méasuring reph
cinpirical studies involving ‘effects of environmental factfs m\w
" laboratory conditions (Calow and Woollhead, 1977; Woollbead and: Galow, 1979;
Hirshfield, 1080; Thompson, 1083) aud in feld Gopalations (Porry,i982; Bayne &
al.,1983; Thompsmrl 842) have been scarce. There is also a paicity of stidies
(Bayne, and Worrall, 19 1‘?;7

physmlogy #nd, the influence  of “environmental factors on gruwth rates’ and .

Vahi;1980; Thompson, 1084b) integrating the orgapism's ¥

i which will ultifnately influence _the orgamsms ablhty to

; explmt the avaz]sble energy. and partmon it between growth‘ ‘and reproductwe

" processes (Aldndge msz) A S o
Unfortunately,” a uniform measise of reproductwe effort has not been
adopted by all -workers, for the reason that the same ahsolute ;nvestment in
reproduction can be produced by different systems of energy allocation (Tuorni et

* 31,1083). Methods for deterMining RE have: ranged from. simiply’ counting or .
weighing gametes or gonad tissue to quantifying the proportion of nonrespired

assimilation’ (net production) (Browne end ‘Russell-Huntér;1678), or estimating

that part of of an energy budget which s devoted to reproduction ‘(Hirshfield and,’

Tinkle1075).  The estimation of energy budgets or' net production 'is often
diffieult and time consuming, so a more convenient ratio, clutch or gonad weight
divided by parental body weight, (Yefexred to as'a gonad-somatic index), has
" frequently been used. Several authors (Hifshfield and Tinkle,1975; Calow,1979;
" Thompson,1983) have enfphasized the the in riateness of this quantity as a

medsure of RE, the major criticism being that two spécies (or individuals of the
same species) fnay have the same ratio at equivalent body sizes but differ greatly
in the absolute.amount of energy gathered or in the time during which it -was’
gathered. In order to estimate RE properly, it is necessary-to determine, food

intake (energy budget method) or to measure accurately annual somatic growth

(met production method), especially in'animals that grow throughout

their entire life (Thompson;1983). The:proportjon of net production devoted to
* reproduction *provides the most informative and tangible index of reproductive

’. . 2 ¢




. correlate, but Thompson (10

“effort, ‘at least in purely ecological terms; becausé’ it “directly reflects the

partitioning of energy between growth and reproduction and has the greatest

 potential in field sludies, since measurement of food intake and ‘metabolic loss are

not required® (Thompson, ‘1983, page 56). However, in order fo assess the

- consequences of 2 given level of effort,/and whether a tradeoff exists between

growth and reproduction, it iggessential to establish the resourcé input
w,1079; Hirshield, 1080; Thompson,1983). Bell (1980) dismissed reproductive

little importance in life i:istory theory unless it can’be related to

'riems,@ G 82) considered reproductive value to'be.a better fitness
hasized that reproductive effort is a nsel’ul
index to compue an organism's energy parti
environmental conditions. :

Tuomi ¢t al. (1083) raidéd questions concerning the-established-de
theory and presented alternative .coricepts for reproductive effort, cost of
reproduction and selection.  *Demographic_thery. has been formulated by

assuming that repmducuve effort entails a fixed tradeoff between current and’

future ductive success and that effort, and life history traits in

general ‘are optimized by masimizing fitpess under purely demographic forces of _

selection® (Tuo'mi et al,1983, page 25). An earlier definition’ of reproductive
effort (Williams, 1066; Gadgil and Bossert,1070) alko included the cost of
reproduction in terms of somatic iavestmeit and itnplied 4. tradeoff which's only
-valid, according to Tuomi et al. (1083), when the me of resource mvestment in

reproduction equnk Lhe rate at which resources are dramed from the soma. Many

authors  (Hirshfield :nd kale lDTS Cn!uw,lWl Tuomi et al,1983) have »
auggested that an increase in resource input could uncouple somatic costs from:
the direct influence of reproductive effort so that ic/survival costs. need not '

occur. * Tuomi et al. (1983) preferred to define RE as the ,',m“pmion of dhe total
N that reproducti because this k.n_purely descriptive

concept applicable in gbsolute and relative terms in any allocation system and

does Tt specify a source of the investment o imply a tradeoff. Stearns (1983)
: i . . .

ning pattern under different,




' than perfect means as suggested by the optimal demdgraphic theory.

and Tuomx et al. (1983) suggested that natural selection may he operating on the

whole-organism by ciminating ‘deleterious muiants and unfit phenotypes by lss )

Recently, mikneros -studies have described reproductive effort for various
species. of bivalve molluses. (Haukioja' and Hakels,1078; Lucas et al.1078;
fhompson, 1079,1984s; Bayne and Worrall,1980; Shafee and Lucas,1080,1082;
'Vabl1981a; Beyne et al.,1983). When effort was measured ds s proportion of net
production ‘a trend emerged from these studies whereby effort increased to reach
an asymptote in some cases, indicating that the proportiorr of energy dedicated to
reproduction incfeased with body size (Bayne et al.,1083). Significant variation in
RE for the same ’speciej from - different sites .(Haukioja and H;kbla,l&?’l&‘
‘Ms.ntyln 1981 in Tuomi et al.1983; Bayne et al.,1983) “and for identical sites

 sampled in conséeutive years (Thompson,1979; Shafee &ad Lucas,1980,1082;

Bayne et al, 1983) was a]so revealed .The results emphasized the need to

and i variability in order to assess the adaptive

valie of particular behaviour traits (Goodrman1982).

1.4, Objectives’

The - objective of this study was to gain insight into the influence of
temperature conditions and -available ration on the production and the

partitigning - of "available energy in Placopecter magellanicus in ‘order to

. complement. existing theoretical and experimental studies, frequently condicted. .

under laboratory- conditions. To accomplish this scallops were collected from
various water depths which may be expected to Tepresent a natural gradient of

stress for this speciés, because conditions of food availability and

were shown o deteriorate with inéreasing depth. The snimal's response to
enbanced ‘environmental conditions was examined in a scallop population grown

under more 4 bl ditions of ded culture. Additional insight, into

the variable hature of growlh and reproductive characterjsties of this species was

’ ‘obtained . by. observmg scnllop populations. from the "same geographical area




sampled.in ive years and in latitudi 4 ions, and by
using improved methods of - assessing reproductive equition and ‘statistical
- analyses-of growth comparisons. ~ *
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MATERIALS@AND METHODS
2.1, Study Sites ! o B . I

Seallops werecollected from six locatiops in. esstern. Newfoundland “by,
SCUBA divers and from single locations in New Jersey and-New Brunswick “usi)
standard fishing techniques (Figuré 2-1). " “The primary sites for study - were
Sunnyside (47 ° 5I'N,53 * 55W) and. Colinet (47 * 10N, 53" 36'W) W‘ilh. approximate
monthly collections. ' Secondary sites included ‘Terra Nova National Park
(48°27'N53°56W),  Dildo ° (47°33N,53°36'W), - Spencers = “Cove
(45" 3O'N54505W), Southern Harbour *(46°48'N,53°58W), New Jersiy

(40713N73°47%) * and - St, Andrews - 10m  (45°03'N6T°02W) - ,3Im

(45" O5'NS7 " 06™) and 76m (45°04'V,66°57W).

Gomplet'size rangs of stallops vere sampled from the secondary sites at
least ¥ice a year, first in August prior to 'spawning and again after spawning
usually in October or Noverber.~ Scallops from New Jersey were Sampled in

prespawning condition in early October and postspawning condition in November "

and December. Samples were routinely collected fror 10m, 20m and 3lm water
depth with the exception of Colinet' (6m,16m)-and St. Andrews (10m3im" and
76im). Single depth samples were obtained from Spencers Cove (10m)Southern

. Harbour (10m) and New Jersey (3Im). “ % L < i
(T g w o

Individual weights of gonad and remaining body tisgue (somatic) ‘were
recorded after drying at 90° C for ~d8 bh. Messuremipts of shell ‘length and
h::ight; referred to as the maximum distgnce between dotsal and venitral margins

5
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ng-m 2-1: Map showing locations of study sites slong
the east cosst of North America in addition to 1
the northern (NL) and the southern (SL) :
distributional lipits for . g
“ . Placopecten magellanicus. Inset maps ) FETE
show more details of locations in .
* (A) Newfoundland; Sunnyside (SS) Colinet (CL), - !
Dildo (DB), Terra Nova National Park (TN), i
- Spencers Cove (SC) and Southern Harbour (SH); .
(B) New Brunswick 1=10m2=31m and 3=76m;
and (C) off the New Jersey coast .
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when considering the hinge to be dorsal in position (Seed, 1080), were'recorded to .
the nearest 0.1 mm using vernier calipers. Due to possible differences in seasonal

 somatic/and shell growth ratés only those séallops collected from primary sites

between July ‘and Decornber were used in comparisons with secondary sites:
Individual ages were estimited by interpreting shell external growth rings
(Stevenson and Bekie,L954) end growth increments on the calcareons Sportion of
'the ligarsient (Merril et al.,1066). -

Water temperaturés were recorded by SCUBA divers using o hand-held
thermometer (40:5°C) ~or with anchored 180 ‘d continuous recording

-

ar rmographs (Ryan lnstruments, Seattle, Wash.).

| 2.2/ Seston Analysis ~ : : o ta i
2.2.1. Collestion : . :

Dupliite water ssmmples were btained from three depths in Suinyside snd
~two depths in Colinet on approximately a monthly basis: Modified Niskin-typé
watér samplers’ (~16 1 eapacity) were manually activated by SCUBA divers -
‘approtimatgly 0.6-12 m" off the bottom -Care was faken to prevent,
contamination by resuspension of  bottor sediments by activating the sampler

before the divers reached the bottom or by carrying the sampler

i st

inan upstream

direstion avay from soy distubance before aetivation.

Fach sampler was immediately emptied into clean buckets (~20'1) and
sealed for transport back to the laboratory. Upon returning to the laboratory :
(within'3-6 h) each bucket was inverted several timés “and stirred . for a few i
minutes to resuspend any particulate matter that may have settled. = Before.
dividing the water into '3-4 | subssmples for chlorophyll and wet oxidation

analysis, each sample was poured through a 300 ymn screen.

¥
§
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2.2.2. Filtration i g -
Particulate material was collected by filtering the seawater- through ashed
" pre-weighed Whatman GF/F filters (5.5 em diameter). The filters used for wet
‘oxidstion were washed with ~10 mls of isotonic ammonium formate prior to-
drying.  Ammonium formate helps prevent cells “from lysing and losing

intracéllular organic compounds but sublimes when the filters are dried prior to -

weighing. In the case of inations, ~1 ml of a 1%
carbonate solution was added to the last 100 mls of the sample. The addition of
magnesium carbonate at this stage prevents the chlorophyll from becoming acid
and decomposing to phaeophytin pigments. i

2.2.3, Pigment Concentration

The ion of i jons of the plant pigments,
chlorophylls, carotenes and xanthophylls make it possible to obtain an estimate of
living plant material in the particulate fraction of seawater.

The pigments were extracted by placing the filter jn 90% distilled acetone,

dispersing the filter with a glass stirring rod, aad following a standard procedure
described in more detail by Strickland and Parsons'(1972). After refrigeration for
16-20 h. the glass pulp was removed by centrifuging at a relative centrifugal force
(RCF) of 3000. The extract was made up to a volume of exactly 10.0 ml using
90% acetone and the extinction values for the 1
determined with a when the extract was measured against &

were

blank cell. containing 90% acetone (clean filter dispersed and centrifuged).
Pignent concentrations expressed as.mg m™® (=g I"!) were obtained from the set
‘of Parsons-and Strickland equations (Strickland and Parsons,1972).

e menetal S
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2.2.4. Energy Content

The determination of the energy content of particulate -material in the—

seawater provides an estimate ‘of the food dvailable to fiter feeders., Wet
oxidation methods have -commionly been used to estimate energy content by
convertinig oxygen demand of the organics to energy values usiag a conversion

factor (Elliot and Dnvlson~,1075) An evaluation and detailed methodology of this
. technique for messurmg energy content of seston was recently presented by

Newell (1082).

conversion Tactors available from the literdture which may vary on a geographic
and temporal basis (Newell,1982).

_ Known weights of organic material on glass filters were oxidized to their
basic elements using a known volume of a strong oxidizing agent; 2N potsssium
dichromate in concentrated sulphuric acid. The amount of oxidant reduced ‘was
determined by titrating the remaining diéhromaté against in’ ~075N ferrous’
sulphate solytion. The following equation was used o estimate the weight of

oxygén (O.C mg) required for comple}e oxidation of organics: Q.C = (A -B)x N

x 8 where A is the volume (mls) of FeSO, réqui;ed'CU titrate the blank, B is the

volume (als) of FeSO; requited to titrate the sample, N is the normality of FeSO,

and § i the equivlent weight for oxjgen. Energy content can then b caluated
by multiplying 0'C by 14.14 (Newell ge2).

2.2.5. Particle Size Distributions . B

In addition to"estimating the energy available as seston, it was also desirable
to determine what fraction’of thie particulate material was ine the size range
utilizable by the scallops. A Coulter Counter model Zg was used for this purpose.
According to Kranck and Milligan (1979) most suspended particulnte matter falls

ol between 1 and 100 ym in diameter. Coultér tubes theoreucsll) function between
2 and 40% of their orifice dlameter. 50 in order to stndy the desired range, two_ -

tubes gso i, 350 ) et et Appitg rasgesware used. e

The wet oxidation method was' advantageous . for this study

" because’ it measured ‘energy content directly, - eliminating the need for seston
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Approtimately every month for a twelve month pefiod thé particle’size

" distributions in seawater were determined for three depths in Sunnyside either in
the field using portable generator power or immediately upon retuming to the
laboratory. The qusntity of particles for each respective size class was first,
detefmined using the 280 yin tube. A stiring mechanism kept he particles in

suspension and blockage in the 50 4m tube made it necessary to poir the sample

gently through a 50 im screen before analysjs. ®

¥ . .With calibration information obtained using known size pollen standards it 3
L i d
was possible to calculate particle volume and diameter for-each corresponding size i%
“interval on the Coilter Counter. The data were then expressed as particle ., i

. concentration by volume versus log pnrtié]e size (Kranck and Milligan,1979).

2 3. Gametogemr. Cycle and Gamete Volume Index

P)eces of gonad appmxnmately 5 mm x5 mmx 3 nm were :xcxsed ‘from.

twelve scallops (6 female, 6 ‘male) in” each monthly sample from Sumyside

** (10m31m) and New Jersey (31m). The male tissies were preserved in Baker's

‘formal caleium (+25% NaCl) whereas the females were usually: preserved in

 Bakei's with the exceptionof the, period-Mafch through August when Bowin's wes
used lo Feduce damage due to cgg sbnkage. )

A S

After at least 24 houts_fixation, the {issues, were processed through an

ascending alcohol series an| xy]ene solutions to facilitate dehydration and

. ' clearing. The tissues were fmbedded in Paraplast Plus (56°C). and two 7 um

* sectiofis' from different deépths in the block were cit on a AO Spencer No. 820 -
Rotary Microtome and siained by th Papaniolson sbius (Culling1053). Yo E

a The lllowing technigu;: usel here 1o, eiiake srlsine” fretion was
originally described by Weibel and Elas (1967), Freeré (1987), and Briarty (i975), o
and modified for use with mussel gonadal tissue by Lowe et al. (1982). The
volume fraction of scallop. gonbdal tisue representing the proportion of gonad
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oceupied by gametes (under various stages of development), connective tissue,
_empty follicle or other cell types, was estimated by a point count technique. This ~
was done by examining five random  fields for eigh section under 2 Zeiss

_compound microscope equipped with s Weibel eyepiece graticule (Graticules Ltd)

under 160X ification and ing this two dimensional information to

three dimensional spce. This procedure is defined as by. Briarty
(1975). To determiné whether reproductive follicles were siformly distributed i

3" . throughout the entire gonad semons h-om the proximal (nenr the foot), central

\and distal areas of the gonad were examined. ..

2.4. Egg Diameter ' - o o - 3 £ = L 5
Gravid females from 10 20d 31m depth in Sunnyside were induced to spawn ]

by placing them in seawater af ambient temperature and slowly raising the

 temperature by vigorously sgitating and . recirculating the water with a small

pump. - The quantity and size frequency distributions of eggs from i

scallops were determined by ‘diliating with filtered seawater (0.45 umm) and
‘ounting on a Coulter Counter model Zy fited, with & 20 um twbe end 2
chamudyzer. Eggs were entrifuged at less then 1000 RCF for 10 mir, washed .
.7 - with isctoni¢ ammonium formate, recentrifuged, dried st 90° C ind weighed. By S
‘countisg and weighing the eggs it was' poisible to determine the weight of
- knowh number of eggs and convert the weight velues obtsined for gamete
production of other scallops i the samé sample to Teemdity estimates. i

-Oocyte di ‘meters were also measured in histological sections using -2
. mlcroscnpe ceular eq\npped vith - gradusted ‘sale calibrated -with 2. stage

mlcrometer g




2.5. Physiological Measurements

2.5.1. Oxygen comm'pu.;n Rates

° g
Scallops were collected from 10m and 3Im depths in Sunnyside by SCUBA

divers on approximately 3 monthly basis between January and November 1983. .

The animals were kept in flowing seawater pumped directly from the- ocean and

maintained at ambient temperature in the laboratory until clearaice rates were
determined, ususlly within two tgfive days. For every monthly experimient, eight
. ‘sallops from esch depth, ranging in height from 135 to 155 mm, were used. The
corresponding dry weight ranges for animals this size from 10m and 3lm were 18-
28 g and 11- 22 g respectively. Complete height ranges (n=20) of 45-174 mm
(1.8-42.0 g) in 10m and 45-161 mm (0.5-25.0 g) in 31m were measured before,
approximately during and after spawning at ambient temperatures. All oxygen
consumption and clearance rates were determined under field smbient
temperatures (for corresponding depths)in addition to laboratory ambient salinity |
conditions (~30-3.2%). Ambient levels of seston were used rather than. arificial
algal diets. . 3 s k

Oxygen uptake were made in exper (Figure
29) similar to those described by Bayne (1971). The volumes of the chambers (C)
varied from 500 mis to 4500 mls as appropriate for the size of the seallop.
Seawafer inflow was controlled by a valve (Vi), and after circulating through the
chamber flowed to waste via a second valve (Vo) and s flowmeter (F). The centre
opening was’ occupied by a polar graphic electrode (E) coupled to a Radiometer
PHM 71 acid base analyzer (A) fitted with a PHA 934 oxygen module (M) with -
the output fed to a chart recorder (R). The seallop (5) was placed on a perforated

glass plate (P) overlying a stirring bar (B). Water circulation was provided by a
submersible magaetic stirrer (D) positioned under the, chamber. The entire *
chamber and stirring apparatus were immersed in a temperature’ controlled water
bath.
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Figure 2-2: Apparatus used to measure metabolic rates for
individual scallops.. See text for details.

2



"The scallops were left undisturbed in ﬂowmg séawater (80-250 ml min™}) for

3045 min. Oxygen consumption rates weré measured by shutting the inflow.and - "~
outflow valves; thereby. fsoliting the chamber, and monitoring the’ decline. of
oxygen, never allowing it to drop.{o less . than 75-80%% of safurtion Each
" experimental run usually lasted for 30-120 min. depending on water temperature
and animal size. Metabolic rates were calculated from the aiount of oxygen
vailable in the chamber and the messured pO; decrese. The total dry weight of

soft tissues was also measured for each scallop.

%5.2, Clearance Rates - d

N ® Tt Ay
Clearance rates were measured for the'same scallops used in_ the metabolic * R

_rate study. The apparatus (Figure 2:3) consisted of a constant volume (~20 1) !

/. header tank (T) supplying a constant flow of water to four to 12 plastic ‘containers
(C) rasiging in volume ffom ~0.4-4 1. Flow rates of 80-300 ml min™! were used,

according to the size of the seallop, such that no more than 30%-of the particies
were removed by the animal.”- Inflow was arranged so that water flowed ‘
continuously through the outflow (O), theréby providing a constant head which

ensured that the flow through each valve (V) veriéd less than 10%. After the

water entered via the inflow hose (1) it was thoroughly mixed by a stir bar (B)” )

driven by a ‘magnetié stirrer (M) positioned under the beader tank. After the

water passed through the valve it was délivered to the bottom of the container, via
plastic Loses (H) to where the scallop (S) was positioned and the overflow exited TR
* through the drain (D) near the surface of the container. One:container was left
empty serving as the inflow control (IC). The spparatus was placed in a large

incubator for temperature control and during the summer months it was often j
necessary to pre-cool the incoming seawater. S g

s

Within_ an hour of placing the scallops in the containers measured volumes
of water were sifultaneously ‘collected from each drain over a period of one to”
three minutes allowing flow rate to be determined. Particle concentrations in the

control and experimental containers. were detérmined by a Coulter Counter Model i
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Figure 2-3: .Apparatus to measure cleaance rates for —
several scallops simultaneonsly.. b

See text for detaijls.




« for each scallop was the mean of 5. minimum of, three consec\mve and consistent”

" rates measured over a period of o to four hours.

. wrnpyed around the leaded line at 2 m intervals throughout the entire grid to *

' . = b 26 # § [

reduce bubyancy each grid was constructed of white-leaded rope approxjmately
“bottom over rope junctions and by concrete blocks: on the corners. The grids"

.and 384 m? (6 m depth) in Colinet. Strips of black plastic tape 20 cm long were

(1076);
per unit time and is caleulated a5 follows

G-t i .
) 5[
where clearance rate is litres B!, F is the flow mtmr water through the -

Clearance Rate=F(:

container (litres br'l), Ci is the particle concentration it inflowing water and -

C2 is the particle concentration in the outflowing water. The final clearance rate

2.6. Populstion nensxcy,Spaml Dlstnbutlon and Mortality.

Seallop densities have frequently. been dotermined with a scallop dredge |
sampling an area of bottorn which sy be crudely estimated. The scallop beds in
this study were relatively shallow (<13 m) vhich permitted SCUBA divers to lay -

down underwater grids,- ihich provided a much more acourite esiimate of
« .

 population density than s possible with dredging. To increase the visibility and ‘-

6mm in diameter, and was secured by U-shaped iron pegs hammered into the

were subdivided into 4m-dm sections covering 512 m? (13m dépth) in Supnyside

sérve ‘as seale bars. Density estimates’ were determined by SCUBA divers =

independently counting seallops in each subdivisior and recording the valyes on a

slate. . s o ) su B
All shell and shell fragments from scallops that died before the beginning of 5
the study were removed from the grid. A 2 m long iron bar (with alternating 20 3
em black and white sections) was placed in the centre of each 4m-4m section and . _
a sefies of at least six overlapping photographs taken.’ Photographs -were taken




approximately 2-3 m off the bottom using a Nikonos 3 underwater camera (28
mm lens). Enlarged black and white photographs were used to construct a mosaic
of the bottom. The.positions of individual scallops relative to referepce-foints

- such as the 2 miscale bar, 20 em strips of black tape, corners of subdivisions and

other scallops were plotted, confirming estimates of density obtained earlier.”

To appmx\mate the distribution pattern, ‘Hopkins ‘and Skellams (1954)

statistic was used to test for ds The lying ion is um if

the pattern is random, the distribution-of the distance from a fandom point.to the

nearest seallop is identical With:the distribution of the distance from a random

“seallop to'its nearest neighbour. ‘Thirty raidom poiats were ‘seleited (random

numbers table) and duhnces ‘to the nearest scallops ‘were determined. - These -

squared différences between 30 randomly selected scallops and their nearest
neighbours. The test statistic' A=Zu,/ Ty has an expected value of 1 if the

5 pmern is nndum whereas A>1 ‘indicates ngg-repud distribution and A<l
* indieates more even spacing than in arandomly dispersed population.

Mortality rates for adult sclllops are very- difficult to measure directly _

_because of low natural density and great longevity. The traditional methods
include measuriag the ratio of cluckers (i.e. a pair of shells from a déad scallop
“that are still attached together by the ligament) to live séallops (Dickie,1955;
Merrill and’ Posgay,1964), or- stimnting‘lhe relative decline in numbers of
subsequent year classes (Vahl,1981a). Since neither. method is totally satisfactory;
nnur.ll mortality was estimated directly here by collecting the shells of anim: 4
that snhseqnently died ‘during the study. By ﬂ(pressmg the number of dead shells

-in each size class as a proportion of the number mmally present (determined fromi

the photographs) in that size category it was posslb]e to construct a size related
mortality curve,"and integration of this size related mortality curve with scallop
age estimates provided an pge specific mortality curve. ~

» .

' distances were squared and sumrhed to represent iy, Lwj representing the sum'of -+ -

Vit faimtet)
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2.7. Culture of Scallops

Recently a great deal of attention has béen-placed on the potential of
_sommercaly important bivalv spees for Aqlncul(ure_ Growing these bivalves
- under-ideal artificial or natural conditions nny enbance growth rates and yield.

The cultured scallops for this study were from Spencers Cove and provided by the

Federal Department of Fisheries and Oceans. The following shorteried version of ~

" the culturing ‘techniques was taken from Driscoll (1081).  The scallops were
acquired and grown under. conditions of a three-phase suspénsion technique. The

first stage was the collection ‘of spat using suspended onion. bags containing

gillnet as an I substrate. A i a year later,
 when the spat had reached & size of about 12 mm, they were transferred to pearl
nets. The normal stocking derisity fof this.second stage was 50 spat per pearl net.
After o second year of ‘growth the scallops were approximately 4060 mm in
 height and ready for the final stage referred to as cage culture. The scallops were
placed in compartments of lantern nets at a density of 20. per level and suspended
from a head ropé until the desired growth had taken place.

2.8. Comparison of Methods For Determiring Age.

External growth rings on the shell (Stevenson-ind Dickie, 1954) and anoual
growth iricrements on the calcified portion of the ligament (Merrill'et al,1966) are
useful_age markers in Placopeclen magellanicus. A multiple observer test was
duiined to determine: whether e‘gth;r of these two methods gave more. _.
reproducible and/or more accurate results than the other and to establish the.
variation betweén individual observers in the age which each assigned to a gmn'
specimen.

Twenty scallops (74:4 to 164 mm in height and approximately two to 18 years

. old) “from four locations in Newfoundland i were selected using a random numbers
table. Scallop shells on which external rings had been obliterated by erosion,
boring organisms or caleareous algae were not ineluded" in the sstudy. Tm‘
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cultured scallops of known age (two to seven years) were ‘also included. The
external shell surfaces of both valves were scrubbed with s wiré brush and the
compressiblé parts.of the ligament were removed fror, both valves t0 expose the
under!ymg caleareous plate’ wh\ch was. vnewed under. a bmocular dissecting
microscope. All four observers independently -estimated the age of thé 30
. specimens each week using both methods separated by a 24 br period. The

“sequénce inwhich specimens were examined and the method employed for age

“ determination, were reversed each week. The dummn of ‘the study was three " -

weeks.. . §

*Extra specir ibiti biguous growth i were used o

1 )
demonstrate both methods ‘andvto ensure that readers clearly understood the
following written instructions (modified from Crabtree et al.,1080) %

1. Count increments from, the pesk to the base of the pyramid:sheped,
“caleateous portion of the ligament (method 1) OR count growth rings *
from.the umbo to the ventral margin (method 2).” Contrast in both
inethods imay be improved by irmersing the specimen in water.
2. Count only growth increments that .appear to be\ major ones. Use “
both valves of each scallop and i different estimates result record the

age obtained from that valve more easily interpreted.

3. Distinctness is the most important criterion i.e:, the ‘increments- with
the sharpest boundaries will be the major ones.

4. In cases where increments are difficult to interpret it may belp to view
the specimen at arms- length to try' and distinguish the major

boundaries.

4
3

S e
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5. Once age has been' determined for a specimen do fot reexamine it.

6. When using, method 1'do not use method 2 for confirmation and vice

versa,

“ . 7.Beconsistent. : : L L

The ‘following method of comparmg’ ‘the ‘precision -of age determ\nanons
(Bmmsh and Fournier,1081) was- used to calculate as ‘average percent,error in’

aging the sample

Where x ‘is the i*h ‘age determination.of the j** specimen, X; is the average age
for the j*" specimen, N is the numbér of specimens and R is thi mumber of tirks
age s determined for each specimen.

2.9. Calculation of Reproductive Effort, Reproductive Cost and

Residual Reproductive Value

2.9.1. Reproductive Effort

The first method"of caleulating reproductive effort (RE), defined as that

proporhon of net production devoted to reproduction, required estimates of .

‘somatic and gamete production. Estimates of mean dry weight of the body tissue

for ‘each .age class (i.c. somatic weight) were determined from a polynomial

regression, and annual growth i d ined by. ing the weight

at any given age t from the weight at age (t-+1). Age specific gamete-production-

was obtained by first defermining the appropriate shell height for ‘eachige group
using the Von Bertalanffy equation H,:Hoou-r*('-“)] where Ht‘ is shell height

- at time t, Hoo is the mean.asymptotic height, k is the Brody growth coefficient

and t, is o parameter representing time when height equals zero.
AT radly ¥

ATl b

o e it mi s




" ~similar k values iiking this, tr ropriate and an
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Log 10 transformed values for gonad we\ghts and shell heights were e fitted to

the allometric equausn y—ax "where y is the gonad v.e|ght x-is shell height and a

and b aie mted parameters. al

Eézimmon ot ihe prespavii 8 postspavi goniad weight versus shell height”

rélationships made it possible to caleulate age specific weight loss:of the gonad on

spawning providing an’estithate’of gamete production‘(Pr) where L0 g dry weight

of eggs = 26:0 kI (Thompson, unpubl.). Increments indry tissue weight between

Subsequént year classes were wsed to estimate annual production of somiatic tissue
(Pg) where L0 g dry weight = 245 kJ (Thompson, uripubl.). - The follicles in the

gonads of Placopeclen magellanicus-retain their stricture ‘after spawning, unlike
the mantle tissue in Mylilus edulis (Lowe et al.,1082).” For this reason the annual
inerement in dry weight of the spent gonad was éonsidered as somatic growth and
added to the estimate of Pp The organic component of the shell was not

" included in these caleulations because it forms only 1.3% of the shell weight (own,
‘. inpubl. obs) .and represents less than 1% of the production of the scallops.

Reproductive effort (RE) was caleulated from the equation:
rE=—" 0
Prapg
when comparing age related RE of populations, the possibility exists whereby any

. differences. demonstrated may be due to different rates of growth. An equation”
using the Brody growth' coefficient (k) to transform the independent varisble (age)
_ and eliminate the growth rate effect’ has been deseribed by Hughes and Roberts

(1980). The data in my study indicated that the populations to be.compfed had

proceduré

~'was used: Size related Pr was estimated instead®of age related production by

determining Pr for a series of standard weight anirhals. Once a series of standard
weights were selected (increasing by 2.5 g increments) it was possible to estimate
corresponding shell heights and Pr values from polynomial equations and gonad

weight ,eliuonsh;ps Common values for Pg were obtained due to the identical

somatic increment being used Tor all populations allowing relative estimates of RE

tobe calculated .
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A second m:'.hod used in this sl\ldy to estimate energy allocation to * :

3
1
!
3
g

repmducuon is w express gonad output as a percem.age of ingested ration
" (Calow,1979). Filtered ration was actually measured instead of ingested ration
but due the lack of es production they were considered to be the same.
** To caleulate this index for scallops from 10 and 31m depth in Sunnyside, it was

necessary to, correct for weight differences betieen scallops of similar shell
heights. ~ Clearance rates for a series of standard sized séallops were estimated
#*with the equation:

/. where'CR, and W, are the clearance rate and total body weight of the soft tissies.

(somatic plus’ gonad weight) of a standard scallop respectively, CR, and W, aré

* the clearance rate and total body weight of the soft tissues of an experimental
scallop respectively, and b is the weight exponéit. Ingested ration for standard’ -
sizes of scallops wes determined for each month by. multiplying the standard
clearance rate by ambient levels of food -availability for the respective water.’
depths. The-1982 season was comprised of ‘the months between September 1981 o i
(poftspawning) to August 1982 (prespawning) and the 1983 season consisted of the
i between September 1982 and August 1983. The total ingestion for eash

yéar represents the sum of the monthly values. The previously determined Pr

values were expressed as a proportion of the total annual ingestion in each season

for several standard sizes ofanimals. Using the same techniques it was also .
possible to express Pg and oxygen cons\lmliﬁon as a proportion of ingested ration.

= s For-additional comparisons total weight of the soft tissues was converted to the

g‘ nppmpnnu age for each group in‘each year.

, 2.9.2. Reproductive Cost 3 4
P I $

Calow's (1679) index. of- reproductive cost rep e proporvion Abet. 5 o ¢

o drains from the productive metabolic demands of the parent . | ¢

and may be expressed as, g : eyl .
: (C-e)—Pr, : ' 5 x
reproductive cost= 1—&1 K s e
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‘where C is the mgestegi ranou e is absorption en‘xclency, Pr is energy allocated to
reprodiiction and R* is the metabolic demand of the somatic'tissue (N.B. Calow' s

* original notation is mmrem) g Mg @ Q-

Bayne et al. (1983) modified the index by incorporating a term R - R*

where R'is total metabolism, which can be directly determined.
(C'e)—(PrR—F¥)

t=1-|= . i
24 cost=1—|= T R* = R !

R* was estimated using a similar. technique fo that described by Thormpson |

(1984a) whereby the annual metabolic cydle was divided info gametogenic' and
phases. The nor ic phise was

by criteria

Such as relatively low gamete volume index values and minimal values for gonad’

weight, indicatingy reduced gametogenic activity. From the oxygen consumption
rates during the non-gametogenic phase a miean metabolic rate for somatic tissue
demand was calculated and applied to the entire year (I ml 0,=10.9 J)."

2.9.3. Residual Reproductive Value . s

Residual reproductive value (RRV) for a given age represents an organism's
future reproductive potential by takirg info consideration age-specific fecundities
 and survivl probabilities, In this stidy RRV was expressed in teFms of energy
expended in gamete production xather than fecundity’ 1nnmbers of gametes), using
the following equation

1

v,
RRV= > om, )
t=z+1 ¥ . L
where 1,/1, is the probability of survival from age X to age t, w is the age of last
reproduction and m, is gamete production at-age t. A'life table of 1,/1}
survivorship . probabilities was constructed using the mortality data from  the

density study. g :




2.10. Statistical Analysis
A linm'rém of the ‘allometric equation y=ax® may be obtained by
transforming both variates to logarithms and fitting the data by lesst squares
“. " regression\_to a.straight line Log,y=Log,qa+bLog,ox (Snedecor and
Cochran,1972).” This technique has been used throughout the study to deseribe
relafionships between clearance or metabolic rates and tofal body -weight, and
between gonad or somatic we.gm and shell height:

.+"+* Polypomial regression, & form._ of multiple linear regression, was used’

describie the, relationship between shell height or somatic :weight and age. A ¢
(5 polynomial. regression may be described” by . the following * equmom
) y,=ﬂn—-+-ﬂlx—.wzx2+ﬂéi3' .4.<pmxi"+4 where  f), ﬂ,." By BTE population
parameters, y is the value for x and  is random error it observation x (n.b. f, =
o'in Zar's (1984) notation), According to- Zar (1984) it is necessary to determine

the maximum power of the jal that has sigi One ususlly

proceeds by_fitting a'small model then increasingly larger models, e.g. one fits s~

simplé linear equation y=4;+4,x to the data, then adds an additional term £;x*
producing a quadratic or second degree polynomial.

In an znalysis fuch as ial regression icollinearity is a problem

i.e. there is usually a strong linear relationship between regressors (x%x%, etc).
This results in the affected éstimates being unstable and possessing high standard
errors. A technique described by Neter et al. (mss p. 319), in ‘which the value of
x is replaced by x-2 to reduce multicolli ially, was used

- the study. One of the criteria used 4o deterrmnc if the addition of the quadratic
term improved the prediction of y values was to test-the null hypothesis H,:8,=0.

If this hypothesis was accepted then the addition of the quadratic term did not *
significantly improve the fit, indicating that. the simpler linear model was
adequate. Howgyer, if the null hypothesis wes rejected then an additional cubic
term. 4;x° was introduced to the quadratic equation and tested to determine if a - *
sigaificant improvement was obtained. These terms were added until H,:, =0

e USRI R < S S
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polynomial of degree m-1. .

Analysis of variance (ANOVA) tests the equality of population samiple
means by ‘determining whether the varisnce between samples .being tested i
sigaificantly greater thau the variance within samples. In‘order to detérmine the
effect of &single factor on population means a one-way ANOVA ‘was used in this

tudy, ‘aud to determine simultancously the effects of “two factors and the

interaction  among ‘factors on ‘population : feans a two-way ANOVA was

performed. For data expressed in the form of a proportion (or percentage), the

«arcsin transformation was carried out (aresin(sqrt argument)) before ANOVA was

used.

Regression equatioris were fitted to & variety of data from different scallop,
populations in order to demonstrate the’strength of the relatiofships betwesn
variables and to predict  value for the dependent variable within the range of
observed values for - the independent’ variable. Direct comparisons -betwen
regressions were. also. made. ' In order to determine if the populations being
compared had the same regression parameters (slope and intercept), an analysis of
covariange, which combines the methods of regression and analysis of:variance,

was used. When ‘comparing regression equations dummy variables - were

introduced to the model to incorporate the test equations into a single equation to

allow’ analysis and to test the signifi of _coeffici A

described by ‘Neter et al. (1983) was also used to reduce correlation between the

dummy’ variable and dummy times x. The heterogeneity of slopes was first

tested, and if the slopes were significantly different at the predeterminéd

significance level (usually P<0.05) then the analysis was complete,’ ie. the

samples came from different. populations.” However, .if the slopes were -not.

significantly different then a common slope was calculated from the samples and a.

comiparison of the elevations was made. If the elevations were different the
analysis was complete whereas if the elevations were similar a new common

regression equation incorporating all the samples Vas calculated.

.
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When comparisons of more than two samples were required it was necessary
to use a’ different approach than simply comparing all posgible pairs of samples
using two-sample tests. According to Zar (1984) the use of two-sample technidues
to solve a multisample problem is invalid because the.chances of making a Type 1
error (rejecting the null hypothesis when it is true) increases with the number of
.samiples being compared.” When ‘multiple - comparisons . were performed *an
improvement on the test was made using the Bonferroni ‘approximation, which
simply divides the significance level by n before rejecting the mull hypothesis.
This reduces the possibility of a Type 1 error and makes the test more

conservative.

The General. Linear Model (GLM) procedure of the Statistical Analysis
System (SAS Institute Tnc.) was used to compare regressions'and for analysis of
variance, whereas the Nonlinear procedure (NLIN) was used to construct the Von
Bertalanffy model and to tést the parameters. Experimentation with the options
in NLIN revealed that the Marquardt algorithm usually provided the most
consistent iterations, with narrow confidence limits for the parameters and rapid
convergence, so this method was used throughout. ~Comparisons between
homologous parameters in sets of. Von Bertalanffy equations were made by

“ihapection of the 5% contidence tnkervals tor the ppropriste Surfiy yarisble ia
the model. If the interval crossed zero, the null hypothesis was accepted, i.¢. the

coefficient for the dummy variable was not significantly different from zero and

the values for the in the ison rep: d by the dummy
variable were therefore not significantly different from each other. It should be
'recognised that strictly speaking this test is valid only if the F-distribution applies,
which is not known for thése- data, but this réstriction” also holds for the

leulation of the confidence limits produced-by the NLIN procedure in SAS for
the i estimates in nonlinesrmodels, so that no Tirther assumptions’ are
being made ‘when Von Bertalanffy \curves are -compared.  Furthermore,

comparisons of the same data sets fitted by polynomials, which can properly be

+ examined by linear methods, provided similar results to those of the nonlinear




Low
! (Von Beﬂ.alanny) compmsonx i n.lmost all instances (Sectwns 3.6.1 and 3.6.2), i
suggesting that the Ilnzr are robnst at least for the scallop data obtained in this
study. It seems likely that this-robustness is ntnbuuble in part to the large
smph sizes med
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. Chaptér 3
RESULTS - .. |

3.1 Environmental Conditions ~* . i -

3.1.1. Seawater Temperature

At Sunnyside the temperature increased from-a minimum value of -1.0 to
<15 °C during February to April to a maximum of 12-14°C in the shallowest
water in September (Figure 3-1); The temperature then decreased during-autumn
and early winter due to a decline in the effects of the summer Beating cycle on the
surface water. The temperatures in Colinet never diopped_ below zero in the
winter and reached.a maximum of 17°C in August. The water temperature was
higher in the shallowest depths sampled at each site with the exception of the
winter period (spproximately January to April] whei the water column was
vertically uniform. During the summer a thermocline in less than’ 20-30 m at
Sunnyside resulted in vertical stab‘i]ity and the gr'e;test temperature differential
between water depths. '

_#_ Data for sampling depths at ‘St. Andrews, New Brunswick ‘were obtained
from Forgeron’s (1950). investigation and the points on the figure- represent
average monthly temperatures for the 1057 and 1958 seasons. The QP btations

. #5(53m), #8(22m) and #7(24m) described in Forgeron (1959) closely correspond

in position and depth to. the collection' sites #3(76m), #2(31m) and #1(10)
respectively in this study . An’approximate estimate for the water temperncure nt
10m depth for QP stat)on #7.was_calculated by averaging the temperat\\ru
recorded at the surface (Om) and the bottom (24m).

PR PN




TEMPERATURE (C)

TEMPERATURE

e

1981

TASONDIFMAMJIUASOND JFMAMISASON
11982 3 1983 E

v COLINET

TR SONDNFMAN S TASOND T FNANTTASON
1981 B ’ :

£ Figure 3-1¢

1982 L 1983

o -

Seasonal temperature cycles at various ™ -

depths in Sunnyside and. Colinet.

5 o,




. i Iy
g8 L )
0
i ' .* 12| ST. ANDREWS .
s K SURFACE +24me...
N 8101 22m .40
& = u [T
2 g1
2
=
2
S
5 i
Y
; 2
. ' FMAMIJIJ ASOND
‘ p
. , ; .
Figure 3-2: Seasonial temperature cycles for three _
water depths in St. Andrews, New Brunswick.
4 . . -
’ 4 L3 4
. 5
l ) )
e s .
. ;
¢

]

i
'
i



41

Water témperatures at Si. Andrews were very similar in 22m and 53m and
ranged from 2 to 11.5°C (Figure 3-2), The temperature estimate for the surface
and 24m depth combination was lower thau the other samples during January
and February when it dropped to 0°C but as similar to them fmm March to
May. " The teiperature estimate for the shallow water combination was greater
than the other samples.from June through August and reached a aximum of
12°C before temperatures for all three samples declined during October and
November. -

3.1.2. Annual Day Degrees 5

Estimates of annual day degrees in the various years at % vites depth
were obtained by multiplying the monthly ‘temperature value by the number of
days in the month and summing these values. For the purpose of - this study the
values are expressed in positive day degrees because the temperature dropped
below zero during the winter in Sunnyside resulting in the negative day degrees.
being subtracted from the total. )

Total annual day degrees decreased with water depth at Sunnyside, Colinet

and Terra Nova National Park (TNNP) s follows:
Dep(m) Sunnyside Colinet. - TNNP St. Andrews

1252 1983 1982 1983 1983 1957 1958

/ 6 - - 2334 288 - - -
10 1404 1497 - - .. 1530 2521 2651
16 - - 2004 2112 - . - -
2 1239 1314 - - 1461 2340 2460
31 ' 1014 900 - - 828 = =
63 - - - - - 2385 2660

Whereas the number of annual day degrees at TNNP and Sunnyside were similar,

there were fewer than for either depth at Colinet. Annual day degrees were

“similar between the two years despite great fluctuations in individual monthly.

témpérnlures eg, in. 10m depth ‘at Sunnyside . during July and August.




) ! . -

e

+ Temperatures were slightly lower in 1958 at St. Andrews but differences between

depths for any particular. year-were less than 10% and were occasionally nil
i.e.,10m and 53m in 1958.

3.1.3. Chlorophyll a Concentration

- In Sunnyside pigment concentration was lowest in the winter with a ‘sharp
increase during the spriog bloom in April or May, reacking” maimum vaiues of
approximately 55 ug I', and relatively high concentrations in’ the shallower
depths from July to September (Figure 33). A 'similar trend may- have oceurred
in Colin_et.but owing to heavy ice formation routine sa‘mpl'mg in the'winm/spring
was prevented probably resulting in insulfcient inforrnation on the sping bloom.

With a few exceptions chlorophyll values in Sunnyside and Colinet declined

with increasing water depth.  Chlorophyll concentrations in 3lm at Sunnyside

were consistently low, usially less than 0.5 ug I, during the entire study with the

exception of the spring bloom ‘and a month or. two immediately after the bloom.

+“Values from 10m in Sunnyside were consistently higher but more varisble from

month to month.then these ffam other depths studied, the concentmhuns from
20m usually falling betwesn the 10m and 31m values.

With the exception of tha npp:-ircnt lack of spring bloom data from Colinet
in' 1082 the absolute values and seasonal, trends of chlorophyll concentration in
Sunnyside and Colinet were similar. The major differences between the 1982 and

1983 seasons were the more intense spring bloom in 1082 (although the ‘bloom

occurred at the same time each year) and the higher chlorophyll ‘values. in the

winter of 1082-1083 compared with 1981-1082 for all depths except 31m.
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3.1.4. Food Availability

"/ Minimum values of approtimately 10-15 J I'! generally cecurred in winter,
increasing markedly- during the spring bloom to 65 - 75 J I', but unlike the

" chlorophyll date maximum values were found in the deeper water (Figure 3-4).
Relatively high values of 30 - 50 J I! were also seen in the late summer and
autumn. These values were similar to those reported for the Long Island NY area
(Newell et al., 1982). i h

‘Whereas energy” coftent of seston was greater in the shalowest water from
Sunnyside during the earlier half of the study, no consistent depth pattern was
seen during the second half of the study, or in the Colinet data. A technique
similar to the one used to calculate day degrees was used to integrate the areas

" under the lines in Figure 3-4 in order to obtain an index of the food available at
each depth during the 1082 and 1983 seasons. Thus the monthly value of food
“availability for each depth was multiplied by 30 and summed to give an estimate
of annual food availability (cumulative day Joules per litre). ¢ These relative

indices of food availability for Sunnyside and Colinet during the 1982 and 1983

SE&SDI’I'BT@Z .
Dep(m) Sunnyside Colinet
1982 1983 1082 1983
6 - - e ems
10 9052 6955 - -
s - - 6315 6600

20 7917 7566 i -
31 6752 7195 SR ]

A decrease in day Joules with depth was evident in the 1082 Sunnyside data but
the difference was not as distinct in the Colinet data. In 1983 annual day Joules
were greater in 20m than in 10m at Sunnyside, but differences between depths
" were slight, and values were lower thanin 1982, In general, values for.day Joules
in Colinet were similar to those from 31m in Sunnyside but less than those’ from

equivalent depths in Suniyside.
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* Figure 3-4: Seasonal cyle of particulate energy contentin
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values and range of the estimates.
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3.1.5. Particle Size Distributions

A elassification scheme consisting of four basic particle distribution types
found in the marine environment (Kranck,1080) was used to describe the particle
size distributions from Sunnyside seen in this study. In July 1982, the distribution
seen in 10m could be described a5 a Typé A or bloom spectrum, which has one or

more sharp peaks comprising over half the volume and consisting predominantly

-
of living phy plus low background levels consisting of other particles *
_such as miscellaneous plankton cells and detritus (Figure 3-5). The distributions

seen in the 20m and 31m samples Tor the same date could be described as Type C

or mixed spectrn consisting of a mixture of plankton or detritus having one or

more. plankton peaks superimposed on a poorly. sorted bnckg‘round material.
Al'.emative}y, the 20m and 3lm spectra could b’ regarded as Type D, or flat
spectra, ch ized by low total

sizes of particles and consisting mainly of living cells with the presence of some *

detritus. : ' - i

/

The particle distributions between October 10, 1982 and "May 5, 1983

appeared to be the mixed type with a few plankton peaks, or alternatively the flat
type.. There was little difference between depths. During this time of year the
water column is vertically homogenous,” resulting in similar temperature and
engrgy tontent values, although the chlorophyll values appeared to be higher in

) lOm and 20m than in 31m.

\
On May 10, 1983, the distributions in 10m and 20m are bloom spectra,

* whereas a mixed spectrum appears evident in 31m, At this time chlorophyll :

_values had greatly increased, indicating that the spring bléom had begun at water

temperatures near zero, Almost a week later, on May iB, the volumes of the

- distributions in 10m and 20m h.ad dropped considerably as had the éh[orophyll
values, but the patterns may still have met the criteria for bloom spectra. At this

‘time a major difference between water depths became apparent as particle volume

greatly increased in 31m, chlorophyll concentration remained high: and a very

with similar volumes for all

g

i
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.Figure 3-5: Particle size spectra for water samples

collected in three depths at Sunnyside during

1982 snd 1983. Triangles represent values

obtained with the 280 um tube and circles
obtained using the 50 xm tube.
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marked bimodal spectrum was seen, indicating that the phytoplankton.bloom was

Still in progress i the deeper vater.

* During June and July 1983 there were no great differences in spectra types
betWeen water depths. They may be classed as either mixed or_bloom speetrs,
but again the chlorophyll values were highest in 10m and 20m. The perticle size

distributions observed in this study were similar to those profiles described by

“Sheldon et al. (1979) for several aress in the western North Atlantic,where

particle size distributions in the surface water often displayed blobin or. mixed

. distributions and varied from’place to place, whereas relatively flab niform

distributions were characteristic of deeper waters (>>50m).

3.2. Reprodictive Characteristics

3.2:1. Annuial Cycle of Gametogenesis

Gamete volume fraction (GVF) was measured in two females and males

(collécted in July 1981) using sections taken from three differént places in the
gonad. Thére was no significant difference in GVF between males and females
(F=135; df=11,48, P<.25), position in the gonad (F=0.40, df=1148, P<84)

“or in'the interaction factor (F=1.24, df=11,48, P<.31): For the purpose of this

study the gametes seen in hmtalogml sections aF7Plncnpcctzn magellanicus
gonads were divided into two es: 1)

pitg, ing the earliest
stages; and 2) mature, representing the gametes proper (Figure 3-6). Separation

of the gametes into two categories was less subjective in'the males, where

spermatozoa were eusily distinguished from' the larger spermatogonia and

spermatocytes. In the females, however, it proved difficult to separate oocytes in

the later stages of growth from those which were mature.

Séasonal cycles in_ volume [ractions for developing gametes (DG), mature
gametes (MG), total gametes (TG), connective tissue (CT) and limen space in the

follicle (LS) were determiuhe_d for scallops from'10m"and 31m ‘at SHnnysidt (Figures
37,3-8) . | b
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" Minimum values of approximately. 20% for the total GVF. of miales’ and
femalés combined wefe observed between October and December,” just ‘after
spawning in late August or exrly Septémber (Figure 3-7). Maximum values of

. 85-05% for tolal GVF occurred between June and August.. Minimum -values of
* GVF for mature gametes in each sex spproached zero from Qctober to"April and
reached a maximum'of 50-70% inthe males and 75055 in the females during’

Jily and August (Figure '37). The higher value for the femalés could be an
overesiimate due to the difisulty-in dstinguihing between mature “and

developmg oocytes. . - . /
e

 The rapid incresse in tolal GVF between December and April is Targely-due

to an increase in the percentage of both male and fer:nale developing gametes

'
(Figure 3-8) during the same period when fully developed ‘gametes were not '

gonad were ‘approximately 35-55% and occurred in October and Noverber with
minimum values of §15% in July ‘and August. Empty follile space showed
similar trend with respect to theiming of miifhpri §7d maximum valites but the
maxims never attained the'high valies observed for comnective tissue. The

maximum values for these sets of percentages corresponded to minimum 'values

for total gametes and vice versa. ; B o,
The, time of spiwning was similar to that reported by Naidu (1970). and
Thompson (1677) f6r P llanicus in- N dland but there was

present. The maximum values for the percentage of connective tissue in the

o tneation o =, sheond (o] spavntng i Tuns ss abieed:for & population

from the west coast of Newfoundland (Naidu,1970).

" ¥

Seallops from 10m and from 31m at Sunnyslde spawned dunng Avist i
1081, 1982 and 1983 (Figure 3-7). With the exception of April 1982 the total GVF
(ANOVA) revealed that there was o significant, depth effect for the remaining
portion of the 1981 cslendar year or in the ifteraction term-depth*month but
that the month factor was hgghly significant. I the calendar years wse and 1083,

was consistently higher in 10m thin.31m. Two-way analyses of variance:




]

Figure

3-8: Photographs of three stages of

development in male and female gonads.

Development in the males and females
. respectively are seen in a and d, those
representing the condition of the gonad
immediately after spawning. Fields b

and e display developing gametes only,-

and ¢ and f are from scallops collected
in June, displaying both mature and
developing gametes. Scale bars
represent 100 ym.
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GAMETE VOLUME FRACTION (%)

JASONDJFMAMJJASDNDJFMAMJJASON
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Figllre 3-7: Gamete volume I'racnon for total ﬂameles (TG)

in males and females combined. plus mature

gametes (MG) for male and female scallops *

plotted separately. Scallops were collected

from 10m and 31m at Sunnyside. The values 3
represent means and 95% conhdence intervals.
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. connective tissue (CT) and empty follicle space. . ;
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significant effects were obtained for interaction terms in addition to the depth and
‘month factors. Single classification analysis of ‘variance performed on data for

each month separately indicated that depth was a significant factor for several

months of the year:

Treatment 1981 : 1982 1983 .

3 F a. P F df | S daf P

Depth 2.4 9,111 .12 ..28.6 17,196 001 36.0 15,174 .001
Month 111.8 9,111 .001 106.9 17,198 .001 B8.5 15,174 .001
Dep*Mo 1.2 9,111 .31 4,0 17,198 .001 4.05 15,174 .001

- The results of a two-way ANOVA indicated that the total GVF was greater

for males than females in 1081, 1082 and 1083 for both depths. The interaction

." " term for the 10m population was only significantly different in 1983 ard only
different in 1982 for the 31m depth population. The effects-of month and of sex

were highly sigai in all isons for both ons. By comparing  * ;
each depth on a monthly basis distinct differehces between sexes were observed - y

for several months of the year (ANOVA):

Tresmsnr.(ibm) 1981 1‘982 o 1983 % " ‘2 .
‘' F 4t P F at - P F. o4t P "
. . 5
‘Month 111.6 9,60 .001. 58.9 19,105 .001 50.3 16,79 .001 i’
Sex 4:2° 9,50 .045 3.8 19,106 .05 7.9 15,79 .001 \4
Sex*Mo 1.3° 9,60 .28 1.4 19,106 .18 2.3 165,79 .04 i
Treatment(31im) 1981 1982 ) 1983 /
C Month 38.3 ‘9,51 .001 64.7 17,84 .001 32.9 15,79 .001
3 Y Sex - 8.4 9,61 .001 21.4 17,84 .001 37.0 16,79 .001
K . Sex#Mo 1.3 9,61 .29 2.9 17,84 .008 2.0 16.79 .07
B ) When comparisons were-made only on months wigh peak GVF in 1981-1983,

there were no differences between the 10m and 31m scallops, or between males

and females for each- depth:
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1981 . 1982 1983

F_'af¢ P F df P F. 4t P
Males .
ve (10m) 1.0° 1,11 .33 0.1 1,19 .93 1.2 1,11 .29
Fenales
(3m) 0.4 1,11 .86 0.2 1,19 .66 1.5 1,11 .26

10m

ve 2.1 1,23 .18 1.3 1,39 .26 1.1 1,23 .30
. 3im

3.2.2. Egg Diameter

There was io difference between estimates of oocyte diameter using
histological sections or using the Coulter counter techiqué! The means and 95%
confidence intervals. were 68.8 :5.3um and 69.1+1.1sm for. each method

respectively (1983 data). 'More variation in diameter was obéerved in the

histological sections where the oocytes were closely packed and often appeared
irregular or polygonal in shape; There was very little variation in mean dismeter
of the eggs-actually spawned by, the females and sized by the, Coulter counter,
which may be attributable to the fact that the mature obeytes become rounded on
contaet with the water. (Naidu, 1970).

Egg diameter determined with the Coulter counter was significantly greater
in 1982 than 1983 but there was no difference between depths in either year.
Mean egg diameters for the 10m population in 1982 and 1983 were 71.2 um (2:3.0)
and 68.5 ym (+1.1) and the values for the 3lm populauon were 71.6 pm (1. s)
and 70.0 pm (1:3.1)

Treatment s 4 df % 4

Depth 2.1 3,16 .17
Year 10.7 3,16 .006
. Depth*year 0.7

3,16 .41

Although the overall difference in.the average linear dimensions between 1982 and

e




st
1983 was less than 495 the corresponding diference in volumé was approximately
10%. ’ . )

" 3.3. Physiological Measurements

= " Oxygen consumption and clearance rates measured during July, September
and November for-complete size ranges of scallops from Sunnyside were compared
- using multiple regression analysis (ANCOVA). - When using the Bonferroni

‘approximation _for three-way regression comparistns a more . conservalivé

d significance level of 0.05/3 (a=.05) or approximately 0.016 js desirable before
“rejecting the null hypothesis. A 'summary of t values, degrees of freedom and test
significances for_slope and intercept comparisotis of oxygen consumption and -4
Clearance rates related o total body weight for the months July, September and S
November is presented in Table 3-1. A summary of the parameters and statistics ...

for Lhmqmonrmment:d in Table A—l ! e

Mr— 5
None of ‘the slopes for metabolic or clearance rates were sigificantly . .
i different at the 0.016 level, but intercepts were often significantly different. Rates e
of O, consumption were similar in July and September but significantly higher §
than November, whereas clearance rates were at their maximum in September 3

| and greater than the similar rates seen in July and November. - These trends _
applied to both depths. ’

A'method described by Sokal and Roblf (1081) was used to caleulate
common slopes of 0.69 and 0.88 (10m) and 0.71 and 0.89 (31m) for clearance rate
and oxygen consumption respectively. The results of ‘an overall comparison
(ANCOVA) of these rates for July, September and November combined revealed g
no differences in- clearance rates (slope t=0.80, df=3,115, P<.43, intercept ~
y (=103, df=3,115, P<.31) between water depths with only the intereepts for
Es oxygen consumption rates being different (slope t=0.54, df=3,115, P<.59,
: Pintercept t=488, df=3,115, P<.001). Common values for both depths of 070

for the slope.of clearance rates and 0.89 for oxygen consumiption rates were
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Table 3-1: A summary of t values for comparisons of - .~ ~
3 clearance and oxygen consumption rates
caleulated in different months for scallops
2 from 10m and 31m at Sunnyside.

0 L Significant differences in this table and ali
- subsequent tables are indicated by asterisks
(*P<.05,**P<.01,***P<.001). Note that

for a three way comparison one asterisk

indicates a significance level betweén 0.01

 and 0.016. )
10m df=5,65 Slopes * Elevations / s,
S 0 . @ 0 . .
July and Sept. 2.06  1.06  3.66%ss  0.60 I Vg
July and'Nev  1.39 . 2.38. 0.76 10.06%#+ ;
Sept and Nov g.76%4%
i "
3im df=5,62 Slopes Elevations
CR 0, CR 0,

Jily and Sept 0.21  0.30  3.434es 2,01
July and Nov  0.04 " 1.88  2.18 8.88¢ss .
Sept and Nov 0.19 1.44 5.81%#++ 11.33¢4¢

v . = . T 2

therefore used to obtain standardized rates for s scallop having a total weight of
20g (Figure 3-9).

Metabolic rates were low and spproximately equal in both the 10m and 3lm
. populations between .l’:nunry and May but much greater rates were ‘evident
between June and November when the water was warmer, especially for the
shallow population (Figure 3-9). * Seasonal changes in clearance rates were not as
pronounced ‘but the lowest rates for both populations were generally observed
during the winter months. There were highly significant -differences in these
standardized rates between depths and between months (two way ANOVA).




Figure'3-9; *Mean standardized oxygeii consumption and

clearance rates plus 95% confidence intervals
for 20 g scallops from 10m and 31m at .
Sunnyside, Values for GVF and ambient
temperatures during the study are
also included.
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g ¢
Clearaace vo,

Treatment F . df -P F daf P

2.1° 16,113 .001 33.8 415,113 001
Dep 11.2 15,113 .001 40.6 15,113 -.001
3.2 16,113 .004 5.5 15,113 ©.001

Comparisons of clearance rates between depths for éach month ssmpled

J revuled that clearance rates were only different in April, June and September: . 5
Clearance April ‘June September 7
F.a P F at’ ] Foat P ]
10m . : . .
ve 4.5 1,14 .05 24.2 1,14 .001. 6:5 1,17 .02 .

3im

Similarities in oxygen consumption rates between depths were observed for
the months from January to May, but higher metabolic rates were reoorded for
the 10m sa.mple in June , July, September and November:

S
Metabolic June . Juy

. Rate 5
wv r o 3 F a P
10m i % 5 E
e 18.4 1,14 .001 15.1 1,15 .002 - 2
3m > i

September November

8.2 1,375.008 217 1,13 601




3.4. Population Structure

3.4.1. Density, Size Frequency Distribution and Blomass

A total of 96 scallops of various sizes was counted in the Sunnyside grid
enclosing 2n area of .ppn‘nim.uly 512 m% Density ranged from zero to eight
individuals per 16 m? section, ovrln; 2 mean of 0.19+.04 scallops w2 The R

Colinet grid covered an area of 384 m? and contained 324 scallops. A'range of 5

to 21 scallops per 16 m? section was found with a mean density of 0.84.11 - _
indiiiduals per square metie. These values for Placopecten mapellanicus were
much less than density estimates of 4.0 4nd 2.3 m? recorded by Naidu'(loiso)'for
commercial beds off thewest cout of Newfoundlnnd In exploratory studxu by,
Wilton (1981) much lower values (<0.20 m %) werd observed for another ares off
the coast of western Newloundland. A range of 0.1-48 individuals m? for the
Northumberland Strait was reported by Caddy (1970), whereas spat may réach

. numbers of up to 123 m’ 2 on the Georges Bank (Larsen and Lee,1978). According
to Vahl (1982) densities of adult Chlnmys islandica, a smaller species of scallop'
than P. magellanicus, may aluln 75 m’? in northern Norway.

The majority of the scallops in Sn_nnyside belonged to the larger size classes
(>14 cm) with modes at 12-13 cm and 16-17 em_(Figure 3-10). Few individuals .
‘were less than 10 cm in shell height. A more uniform distribution was observed
.far the Colinet population where the small size classes were better represented * »
and mo(;les were observed at 9-10 cm and 13-14 em.” Size frequency distributions
similar to that for Sunnyside, in which the majority of individuals are in the
moderately large size classes with few representatives in the smaller classes, have
been presented for Placopecten magellanicus by Caddy et al. (1970), D'Amours

" dnd Pilote (1982) and Jamleson et al. (lﬂ&la’

Despite a density Iour times_greater in Colinet than in Suniyside the = -
biomass (g m'?) was.only two. and a half times greater in the former ‘and the
) export of gametes (g m'%yr!) was only one and ‘a half times more. This is -
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Figure 3-10: - Size frequency distributions for populations
of scallops from Sunnyside and Colinet.

probably partially due to the greater proportions of larger scallops and greater

size specific fecundities and somatic growth rates in the Sunnyside population (see
section 3.6.2).

3.4.2. Mortality

Ten different sized scallops with known heights were placed on the bottom
in Colinet and photographed. The mean error in assigning a height to a scallop
shell in & _plmlogmph was approximately +3.542.6%. Initial numbers in each size
group. ware estimated from photographs taken at the beginning of the study. - The

number of scallops in any gwen size class that dled during the 18 month study,

plns the mortality rates; are given in Table 3-2 nnd the percent mortality values
p]oned in Figure 3-11° The line drawn through the points represents the
quidfatic. polynomial  fited to ‘the data. - The regression . equation was
Y=0.0070+0005(x-2)+.0000105(x-%)? where $=110 em (F=821, df=12,

P=009, *=065). Age specific mortality and survivorship values were derived

AT 1

e

3
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Table 3-2: Etimalu of age spekiﬁc mortality rates for :
i scallops observed for 18 montbs in L a
the Colinet grid. LT 1
i i .

Size Class(cm) #Initially Alive #Dead(1.6yr) .Mortality(yr) . . =~
5-6 Toe- 7 0.52
¥ 67 8 1 -0.08 >
7-8 19 1 0.04
8-9 30 ¢ 6 0.13° %
9-10 Coat -3 0.05 s
10-11 24 2 0.06 :
11-12 34 [ 0.00° .
= ©o12-13 23 1 '0.03 L
- 13-14 57 B 0.08 .
14-15 43 ot 0.17 )
16-18 32 6. o 0.3 " "
© 16-17 9 4 0.30 ¢
17-18 y 2 0 0,00

Annual Rate_ =(47/330 x 100)/1.5yr=9.5%

from these data. Mortality rates were high during the first few years but declined

to very low ‘values at six o cight years of age (11-13 cm) and then gradually “~—
increased, resulting ina U-shaped curve. A similn‘moru!ity curve was deseribed ©
by Thompson (1884a) for Mytilus edulis in eastern Newfoundland. .

An overall annual mortality rate of 9.5% was estimated for all sizes sampled -
)hich was very similar to previous estimates of 10% (Dickie,1955; Merrill and -
Posgay, 1064) for the same species obtained, by determining the proportion of )
cluckers in & dredged sample. The estimate of 0.5% was higher than the 6.9% q .
recorded by D'Amours and Pilote (1982) and very much greater than the series of.
values (1-9.29%) fiom ‘studies in the Gulf of St. Lawrence summarized_by
D'Amours and Pilote (1082). B

Mortality estimates for other species of scallops inglude 17% for Cf;lamy:
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Figure 3-11:  Mortality curve fitted by a polynomial
equation. X
islandica \(V;hl,l%h), 26% for Pecten mazimus (Baird,1966), an age specific
range of 15 - 68% (GFuffydd,1074a) for unfished popu!llbné of P. mazimus and
of 10:56% for a commercial bed of P. mazimus (Gruflydd,1972).

a.&. Spatial Distribution Pattern

The spatial alnn‘gement and positions of random points and scallops used to
perform Hopkins and Skellam's (1954) test for randomhess in the Colinet seallop

‘popu]ntlon are seen in leure 3-12.. The value obtained for the test statistic was

grenar than one,. mdxcntmg that the scallops “ere A“regnled

et L Lot o

o,
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- Figure 3-12: Positions of seallops (squares) in the
linet grid. Crosses represent 30 points
and squares enclosed in circles represent
the 30 randomly located scallops used to
test for randomness.
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3.5. Comparisons of Methods for Determining Age

3.5.1. Estl of Accuracy Using Speci of Known Age

In any series of age estimates two types of error are possible. The first is
accuracy, whereby variation -from the true age (rather than an assigned or
average age) is considered, and the second is preeision, representing the variation
associafed with _several estimates for any given sample, usually without
consideration of the true (unknown?) age. In a test using only cultuted scallops of
known age the variation from true age (accuracy) and the consistency with which
ages were assigned (precision) was obtained simultaneously for four observers

using two methods (ligament,external rings on the shell).
)

A two way ANOVA revealed a significant interaction term' (F=3.84,
df=7,72, P<.013) between observer and method, indicating that one method

could be better than the other depending on which observer was using it, but a

* one'way ANOVA with method as the treatment and considering all the observers

. demonstrated that the ligament method (%=15.8) produced significantly less error

than the external ring method (2=27.9) (F=10.35, d=1,78, P< .002).
Additional one way ANQVAs demonstrated s difference between observers for the
ligament method (F=3.77, df=336, P<.02) and for the external method
(F;3.ll, df=3,36, P<.04). For example, using the ligament method observer #4
had an average total error of only 48% whereas observer #2 had an average of
244%. When the gxternal ring method was employed, however,observer #3 was
best with 14,89 error while observer #1 had an_average total error of 34'9%.

In this study.a total of 240 sge estimates were considered (4 observers:x 2
methods x § trials x 10, scallops) of which 101 were exactly correct with 17

and 22 i Ae a five times greater chance of
overestimating than underestimating in the 60%of cases where ‘age was not
determined correctly, The problem of overestimating the ages o(‘ypnng_ specimens
and undérestimating those .0' old ‘ones frori external growth lines in Spisula
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solidissima has been discussed by Jones et al. (1978),and it is probably a common

difficulty in determining age in most bivalve species.

3.5.2. Precision Estimates for All Test Specimens

The interaction term for observer by method for the’variation in repeated
estimates from a mea estimate (precision) demonstrated s siguificact effect. ‘The
method factor was significant while the observer factor was not. Three separate
one way, ANOVA’s demonstrated” that the ligament method gave more
reproducible results than the external ring method for all observers combined
(F=5.00, df=1,238, P<.03), but none of the observers were significantly better
than the others using either method (ligament F=1.83, df=3,116, P<15; shell
annuli F==1.75, df=3,116, P<.16). ) 2

Trgdtment  F af ) S

Method 5.1 7,232 .03 )
Observer 0.2 7,232 .88

MethsObs - 3.3

7,232 .02

The results of these two age studies indicate that neither method is ideal,

but that the increments on the ligament more accurately reveal the true age and

* give more consistent results than counting external annuli on the shell. These

observations are baseéd on the assumption that both external and ligament growth

increments are consistently formed in an annual pattern.- . Johannessen (1973)

concluded that external rings could only be used with certainty for a.few .

specimens of Chlamys islandica and that the ligament method was superior. No
differences existed here between observers in how consistently they assign ages to

specimens; but a more powerful test considering accuracy and recision revealed

* that some observers were better than others depending on the methodology. High

variability between observers has also been demonstgated in counting growth lines

in two other bivalve specjes (Crabtree et al., 1980).

i i
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In studies

involving Pl llanicus Hidu et al. (1977)

exl;ressed a lack of confidence in the ligament method based on poor

correspondence between two independent observers, but considered the external
rings to be even more difficult to interpret. Merrill et -al. (1966) found good
correspondence between two observers in the recognition of external annuli, so the -

‘usefulness of these methods for age determination in P. magellanicus may vary

with the locality of collection, the researcher’s definition of acceptable

_,_correspondence or the experience of the observers, although experts in

determining age for fish have been known to disagree sigaificantly on identical
spec)mens (LopezVeigm et al., 1977).

3.8. Somatic and Shell Growth Rates

The Von Bertalanfly growth function. has been used to: deseribe growth
characteristics for a variety of organisms. Rafail (1072) used a simple modified
parabola (polynomial) to describe growth for several species of fish . The- major
advantages of this method over the Von. Bertalanfly function include the

pportunity to test diff hematically, since , uslike the latter , it can be
used for linear comparisons, and if an asymptote is not observed in the data there
is 1o attempt to force asymptotic behaviour (Rolf,1980)..

For the purposes o comparing W growth curves observed in. thimatudy s
for comparisons with published growth 'cmm both polynomials and Von
Bertalanffy equations were fitted to the shell growth data. ‘Only polynomials were
fitted to the somatic weight data. In order to evaluate ‘the possible effects of
water depth for example, it was necessary to keep the: olber two variables
constant by comparing samples collected from identical locations in the same
year. When no differences in growth rates or body component weights per unit

shell height were observed then common equations were used to describe the

relationships. Combining yearly estimates for’identical sites and depths was the
most frequent’occurrence probably due to the fact that the same population was
sampled on successive dates.
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The means and their 95% confidence intervals for shell beights 4ad somatic
weights of each age class from dnﬁumt water deplhs in Sunnysi e Dildo and
Terra Nova National Park sre presented in Figure 3-13. Similar data for \

- popultions from Colinet, Speacers Core , Southern Harbour, New Jersey and St.
‘Andrews are provided ia Figure 3-14. The lines drawn through the shell height
data represent the values predicted from a.Von Bertalanffy equation. The 95%
confidence intervals for the parameters are presented in brackets , sample size and
values fhr 12 were, also included in the figures. The lines fitted to the somatic .

weight data represent values obtained from,the polynomial equation with' the
parameters, sample size and values for r? also included in the figures.

Predicted values fér heights in each age class obtained from Von Bertalanffy
snd polynornial equations for Sunnyside scallops were compared (Table 5-3). The
. series of values are almost identical and after age three vary less than 3.5 mm (or
2%) in height. This agrees with previous findings of Rafail (1972) that a N
polynomial presents an equivaleat or better fit than a Von Bertalanfly equation.
The relatively narrow confidence intervals and high rZ values indicated that boih
equations adequately déseribed the growth of scallops from several locations. The
close agreemant between the estimates obtained with: the less well known method
of polynomial regression and the more common Von Bertalanfly technique added
credence to the statistical comparison of population samples usiné polynomial
regression:  Gompertz growth- equations were -also, fitted ‘fo the data but'
+  unrealistically low estimates of asymptotic sizes were obtained, perhaps because of
the absence of one year old ‘scallops from the samples.” More satisfactory results®
have also been obtained yith the Von Bertalanffy than Gompertz equations in
Macama balthica (Bachelet,1980), Chammylllun meridionalis (Griffiths,1981a)
lnd Myhlus galloprovincialis (Ceccherelli and Rossi,1984), although Bayne and
E Worrall (1980) reached the opposite conclusion in their study of Mytilus edulis.

The variability of somatic weight in a given age class was z'.re,llel than shell

height s indicated by the larger confidence intervals and lower r* values (Figures

B s
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Figure 3-13: Age specific shell heights fitted to Vion =
Bertalanlfy equations and somatic weights ¥
fitted to polynomials for scallop populations -

from Sunnyside, Dildo and TNNP . Solid
symbols represent mean heights or weights = : H
= . . plus 95% confidence intervals for age classes = . 3
E consisting of more than three individuals, ¥ . i
‘whereas open symbols represent means only for .
, age classes consisting of less-than three* ~ ° 3 d
individuals. s
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Table 3-3:

10m

43.3
84.2

111.8
122.9

132.4 .

140.2
146.4
161.4
165.2
158.2
160.5
162.2
163.7
i65.0
166.4
168.1

82.4
8.2

Comparisons of shell heights obtained using the
Von Bertalanffy equation and polynomial
regression for scallops collected from 10m, 20m

and 31m at Sunnyside.

3.7

62.6,
.81.4

96.7
109.2
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Figure 3-14:  Age specific shell heights fitted to Von
Bertalanfy equations .and somatic weights
fitted to polynomials for scallop populations -
at Colinet, Southern Harbour, Spencers Cove,
New Jersey, and St.Andrews. Solid'symbols 3
représent mean heights or weights plus 95% 5 5"
) o confidence intervals for age classes
o ) consisting of more than three individuals,
whereas open symbols represent means only
) . for age classes consisting of less than
: three individuals.
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3-13314). In comparison vith the forced asymptotic fit. of the Von Bertalanify

function, the less restrictive polynomial equétion was especially advantageous in

describing the relationship between somatic weight and age.. For example, in
Figures 3-13 and 3-14, 12 'of the 14’ populations containing scallops greater than 12
years of age displayed o-general decline in weight ‘after approximately 16-17 years.
The two exceptions were Colinet:.(6m) and Southem Harbour (10m). Hoverer,
only 2 few scallops (<l2) were found in the last six age classes -from: Southern
Harbour taking interpretation dx[ﬁcult

3.8.1. Depth Related Differences

With the exception of the first three or four yeats of growth _the mean shell
height for each age class was consistently lover in those scallop samples collected
from greater water depths at Sunnyside, Dildo and TNNP (Figure 3-13\) The
same trend was seen in asymptotic, shell heights, whereas the K | values
(representmg the relative rate at which -the snimals in the samples reached their
asymptotic s:zes) were very similar between depths. For example, whereas the
scallops from 10m reached a greater maximum size than those from 31m, both
groups apparently reached their maximum'sizes at the same rate. The gxeatﬁt
difference between depths was seen in the 10m and .’iIm smples with the 20m
sample usually exhibiting intermediate values. Exceptwns to this trend were seen
at Colinet and St. Andrews where both k and H oo values were mdepem!ent of .
depth (Figure 3-14).

Due to the great number of regression equations and statistical comparisons

_in-the next three scct:mns', the data have been presen.tez_i in Appendix (Tables A2

_ to'A). ‘The parameters sid;statistics for the cubic polynomials. fitted -io shell

heights are gven in Table A-2. " The: resuhs of several'multiple comiparisons

ammong depths, using cubic polynomial equations fitted to shell hieights, and Von

BertalanIfy equations , are summarized in Tables A-3,A- 'In genenl the
statistical annlyses confirm. the conclusions reached in cnmparmg Von Bertalan(fy

curves, i.e. slower shell growth in scallops from. deeger wnte\ Samples from uch
,

1

X
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depth were significantly different from one another for at least the g, parnmeter

i in the polynomial comparisons; and usually at least [or the Hoo estiiate i in the

Von Bertalanfly comparisons.” The k values, v\ere‘!’not significantly different

between any 10m and 20m populations or for any pl the Dl]do ssmpl_esA Again, no

differences in shell growth between scallops from different water depths were

observed in the St. Andrews data. The eirlier conclusion that there were no -

" differences betwoen {te Colinel samples was confimed. by the Von Bertalanfly

comparison but mot by the polynomial companson, which demonstrated a
‘dlﬂerence between depths. This was the ‘only occasion on which there was s

discrepancy between the two methods of comparing growth curves. The Von

- Bertallanify comparison has advantages over the_polyncmial comparison in that it

has l;e{w/mexy used gnd its parameters have biological meaning.

Depth related differences in_shell growth may alsobe demonstrated by’

simple linear between shell weight and shell height (bdth

variates log transformed). This dependent variable gives an inditation ‘of shell

thickness for scallops of comparable size. Al possible depth combinations |

revealed significant d]ﬂerences‘(Table Ac). Sinilarities among slopes and

' differences in intercepts were observed, with three exceptions: Colinet, (6m,16m),

Dildo (20m,31m) and TNNP'(10m,20m) where different slopes were - obtained.
Heavier shells.were generally.found in scallops from shallower water. The séal!cps
collected from 10m and 76m in' St. Andrews were‘simila.r but both differed from
the 31m sample in the relationship between shell weight and shell height.

For reasons prevlons]y mentioned the re]atmnslups between somntlc weight

and age were only described using polyl?ﬂmlnl regression (Flgnre 3-13, 3«14) Like

3 Lhe curves describing shell height, the somatic 'growth curves diverge after the

hrst few years, except at St Andrews, where there were no obvious dilferences
between the equations for each depth (Figure 3-14). The heaviest scnllops in each
age class \;ere collected fro ! shﬁ'llower water except at Colinet, wlme the reverse
hend was chserved Dlﬂ'e ences in somatic weight ‘between d,eptln were morg
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pronounced (han differences in shell height For example, at Dildo, where the

maximum mean ‘weight of 17 year-old scal]aps was 17.7 g in the 31m saniple and -

363 g in the' 10m sample (a difference of §20F), the corresponding heights

7 {10m=167.0'mm and 31m=143.8 mm) only differed by’ 14% (Figure 3-13). . - _

i . o T ) T
The results -of several' multiple “depth comparisons among’ cuh}c and
- quadratic polynomial equanons fitted - to somati Y

-summarized in Table A- 8. The 2V

lues used in th eqnahons are as Tollow:

Sunnyside 9.41; Dildo: 10\24 TNNP 10.7 ; Colinet 9.51 Speucers Cove, Sculhern g 74
: Harbour nnd New Jersey 4.82; and St. Andrews 5,44, These analyses demionstrate -

!'differénces-in somatic- weight versus age relationships between samples collected
“Trom different water depths at ‘any.given:site: In most cases siguificant differences
were seen’ between all pzmmeters of the eqnahons with the exception of the St.
Andrews :htn where again no depl.h “related dll'ferences ‘were observed. B

The final approach tov compar g ‘the. sommc weights of scallops from
“various depths was, to” determine Whether there yere differences in~ the simple

linear, cquations Felating somatic weight to. shell Height (both variates log -
mnsformed) This method corrects for previously described"differcnces between

sizes at given'age for scallops fromdifferent depths so that the weights of scallops
of equal heights may be compared regardless of their respective agef, The results
of these comparisons for:1981 and 1982 have beenvin Table A7 and the 1083
comparisons presented in Table A8, With the' sxception.of the regressions for

Colinet samples, .which possessed different slopes, all the inter-depth’comparisons

for'Sunnyside and Dildo displayed similar-slopes but differént intercepls in 1681

(Table A-7). . Differepces in elevation -but, not, in’ slope between depths were
demnnstrated for Dildo, TNNP and Colinet in 1982, but at Sunn)snde the slope

for the $1m sample was different from the. other two samples (10m, 20m), which

from

were identical. In 1983, the’ shall and deepest

-displayed_different slopes (Table A-§), ‘whereas similar slopes but different

intereepts were ‘seén. for the other combinations, bui at Dildo the 10m and 20m

[

weight and age’ data’ are
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| samples bad similar cquations, but \ ‘both differed in y -elevition from the 31m
sample.” On the other hand. in 1933 slm\lar equations in. Terra Nova were

’ &
obtamed for the 20m and 31m co]lectwns, both of them differing in intercept from

the 10m sample. In 1983 no signifi diffe were d d between

the Colinet samples or between scallup‘s from 10m and 3lm at St. Andrews.
However, both the 10m and 31m samples from St: Andrew; ‘dll‘fered in intercept

" from those scallops callected in 76m.

X Wnth the excepmm of one pair of. compansons the somn.hc wmghts for the

variotis. samples differed from one /snother on - every uccsslongl This again

P

demons’tram ‘that body wmght is -consistently greater in scallops from shallower

- water (excepting Colinet) than in those from deeper water .

3.8.2. Site Related Differences

Von Bertalanlly curves for shell growth of scallops from equivalent water

. ’\ depths at different collection sites in Newfoundland were compared (Figure.3:13).

Hoo ‘and k values for 10m and 20m were identical for the Sunnyside and Dildo
samples, and the Southern Harbour value was similar (o the 10m values from both
“these sites. For 31m, however, the Sunnyside Hoo value was higher and the

value was lower than the corresponding Dildo values. ﬁ

“The TNNP collections from 10m and 20m dépth had much lower Hoo,
+ 'values but slightly higher k values than comparable simples from Sunnyside and

Dildo. The scallops from 31m had a much lower Hoo value and an. approximately. -

equal k compared witli Sunnyside scallops, but a similar Hoo value and ‘a lower k
! .

value than Dildo scallops. ,

Seallops from Colinet may be compared with those*from other sites if one _

assimes: that'a depth of ‘6m’ in Colinet is approximately. equivalent to 10m
elsewhere, and 16m equivaleht to 20m. The maximuri height of a Colinet"scallop
from Bm was less than that of a shallow Water scallop at any other site, but the k-




value was the same, Similar results were obtained.from comparisonis of scallops

from -16m "at Colinet with those from corresponding depths at Sunnyside and

“Dildo, although the growth chefficient k was slightly lower than:at TNNP.

The results of threesway. polynomial and Von Bertalantfy comparisons of
she“ heght and_age. relauonshlps are presented-in Tables A9A- 10 There were
no slgmllcsm differences between scallops from mm and 20m at S\mnyslde or-
"Dildo, but considerable differences were seen betw een 31m' ‘samples” si ‘thesé sites.
The concluslons reached from the polynomial ccmpmsuns were similar to those
bssed on the'results of the Von Bertalanffy v.‘nmpansans, except thatsthere were
no dlﬁerences between the 10m samplu from Dildo and TNNP. The companson

of ‘Von Bertalanffy curves, héwever, ‘indicated that- there were considerable

differences between these populations in hothythe Hoo and 'k values: For'this one -

example,- httmg the Von Berlalanffy and’ the poly normal equmons to the- same "
data resulted in’ different cenchlsmns In ‘general scallops ‘from Sunnyside and

Dﬂdo were' growing at similar rates but faster, thah those from TNNP or Colmet ol

With: the exception of the age specific somatic Wweights ffom the . 10m "

samples, (higher in the Dildo population) scallops from 20m and 81m at Dildo and .

Sunnyside were similar (Figure 319). ). * However, scallop somatic weights for~
corresponding depths in TNNP, Colinet and Southern Harbour were genera.lly

lower than those from Sunnyside or Dildo. The ‘lowest values, were seen in

“ scallops from 31m in TNNP.

Comparisons of polynomial equations for somatic weight' versus age data
were complicated by the fact that the Sunnyside populations had significaat cubic

coefficients whereas only quadratic terms were sigriificant in. the other samples

' ‘compared..- This may ind‘icate that Sunnyside was substantially dil‘fersx‘n from

other sites or it may he parml!y attributable to the gream- sample sizes, resulting
in an improved polynomial’ fit. Sample size.may not have been g\mucsl in

fitting polynoraials o' the shell height data because heights were much more
*.conservative with age than’weight and a larger sample ‘size would not " have




data, were therelore fitted to quadratie rather than cubic polynomials, so that - %

" were equal. Overall, Sunnyside and Dildo scallops not baly had greater shell

. descnbmg shell hexg):t somatic weight and scallop age previously described. Thus

. The general trend, with two -exceptions (10m in 1981 and 31m in 1983), was for
these regressions to have similar slop d different i These diff
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improved the fit. In the interests of simplification, the Sunnyside somatic weight

“direct comparisons could ‘be made with other sites. The quadratics for the
Sunnyside weight data are as follows: .

Dep() 4, I3 # v :
10 . 21.38 2.27 -0.14 272 0.81
20 18.18 1.84 " -0.13 257 0..89

a1 12.65 '1.31 .-0.09 ' 243  0.87 £

Somatic wzlghts for TNNP scallaps were sxgmhcantly different at al depths
from those of ‘Sunnysidé and Dildo ‘scallops (Table A- -11),'and animals from 10m
at Dildo were heavier than those, from 10m at Sunnyside. Samples from 20m in

Sunnyside were different from those in Dildo, but at 3lm somatic growth rates

growth rates than the other scallops but greater somatic growth rates as well.

@ e . 5 [ ‘
“The results of- several comiparisons between sites in each year for somatic

weight versus shell height' (both variates log transformed) at identical depths.in
Sunnyside, Dildo and TNNP are presented in Table ‘A-12. With one exception
(31m in 1983) the scallops from TNNP always differed from the Sunnyside and
“the Dildo ‘samples. In the 31m comparisons only intercepts differed, wiereas in
the 10m and. 20m éamples' either the slope or the intercept, values were different.

This ‘was not unexpected in" view of the large differences in the equations

not only did the TNNP scallops ‘have less shell height and somatic weight per year
of growth but als less body weight for individuals. of given helght Dlﬂ'erences
were seen betweeni :Dildo and Sunnyside scallops at every depth un’ all occasions. :

R

between Dildo-and Sunnyside scal]ops were not surprising, in* view of the

similarities in ‘the shell height. versus age -relatiof€hips and_differences in' the
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samatic weight versus age relationships. . Thus-the scallops® had the same, shell

helghz huL a different somatic uexght at any given age, so that the somatic'w |ght
versus, shr.-ll height relationships were different, e.g. Y0 yéar olds wére tbe same
height but a Dildo scallnp had a greater somatic weight.

. 3.8.3. Annuzl Variation

Large sample’ sizes weré not always obtained for Soine depths at the
secondary’sites. Only the primary sites, Sunnyside and Cliriet, where reasonably

s were ‘compared in, terms

large samples were collected. for tliree consecutive §

of snnital yariation in ‘agerelated rates of shell and somatic growth. Sealops less
than five'years old were occasinally sarce and therelore absent from some
collections at the primary sites. This raised the possibility that any ‘observed
yeurly differences’ ‘between samples could be _attributable * to - the *
underepresintatwn of young scallops in a particular yeax The ssmples were flrst
compared using all age classes (two to 19 years); and when any differences in
parameters were observed the comparison was made again after omitting all thg
two to four year old .scallops. "The results of comparisons between shell growth
rates caleulated separately for each year are presented in Tables A-13 and AL4.,

B eav depth at least }ne of -the paramelers in the thee comparisons
between years was different, ammugh no conslstent trend, such as a particular
year differing from the others, was seen. After the young scallops were omitted
from the analysis, no differences were seen between any years for the two depths
in Colinet o in the samples from 31m in Sunnyside. The 1083 scallop sample
from 10m in Sunnyside was different-from both thé 1081 and the 1982 samples,
which were similar to one another. Only one ) pammeler remained sxgmhcam.]y

different between the annual samples collected from 20m in Sunnyside.

The results of comparisons between age specific somatic growth rates’

caleulated separAlely for each year are presented in Table A-15. Signifi amlv

different paragneters for different years were onl) seen for the Colmel 16m
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* “lamples (where 1081 was different from 1982 and 1983) and the Sunnyside 31m *
samples (where 1982 was different from 1981 and 1083). Even when scallops less

than five years old were omitted (Table A-16), the same differences were evldent

belween the Colinet 16m samples, whereas no slg'nxf)cant annual variation wns .

: demonsuued in the Sunnyside 3im sﬁ.mp\es i

The strong mﬂuence of the younger year classes i in this type of regression
analysis was' clearly demonstrated. Differences exhlbxted when all the age classes
were bined could have ' been ‘an artifact  of unequal sample sizes.
e

any part of the population were varying from year to year it would probably be

. the smaller and fu.ster groving | mdmduats which may be more capable of taking

of ditions. The diff

between depths r sites for any given year, so the former reason seems more l)keiy

observed were not: wnslstent

then the latter, except, for the thiee exumples in which differences remained even
after omission of the small s:a.llops

The slmple lmear relatxonshxps between sumatxc welghl and shell height

(both log tran d) were co d for all'sites sampled-for two or more years,

and a, summary of these comparisons is presénted in Table A-l7. The
orrespondingeregression équations are given-in Tables A-18 and:A-19. Wheress
very little annual variation " was s¥n.in :age specific somatic growth rates,
co'ngidemble yedr. to:year differences were’ rec‘orded for some depths and sites.
This type of analysis is particularly appropriate for determining whether there is
aunusl variation in'somatic welght, beegise it elininates probleris associated with
acsirately assessing age and reduces those caused by misiing age classes o small
sample sizes. " ¢ :
The only scallops displaying-no anual variation in somatic weight' versus -
shell height relationships were those samples from New Jersey. and- from 10rm in
Dildo.  Regressions for Terra Nova scallops all possessed similar slopes but
significantly different intercepts, and the Spencers Cove samples: were . also

wely, the small scallops may have growth rates which vary annually. If *

4

s
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differest in every year studied  The generil trend st Coliiet was similarity of
slopes (except for -the 1981 and 1083 comparison in’ the:6m ‘samples) and_
meqmllty of intercepts (with- the excephon of the lo82 and 1983 comparison
between 16m samples). Samples.from the yur 1981 were different from those
collected during 1982 and 1983 for 10m and 205 deptbs at " Sunnyside and_for 20m
and 3Im depths at Dildo. The samples collected from 31m in Sunayside in lhe'
year 1082 were slml]u to those tolletted in 1981 md 1983, "but there gere ' -
in slope in the regressi ibing Sunnyside dats (31m) in 1981 and |

1983. s \ ;
/. g L] -

3.7. Production Estimates . y ]
' 3.7.1 General

Since -there was no anpual ‘variation in the somatic weight versus age

relst»nshlps in scallops Imn\ identical depths at the same locations or in scallops . %
from different depths ;« St. Andrewsnan overall mean somatie- welghl for each
age class was estimated from the polynomial equation ml.ed to the pooled yearly | {
data (or depth datu-wﬂm)cnse cliﬂle St. Andrews slmpls) As a result of this

- the somatic production (Pg) values were identical for s particular-depth at each " -

location (or between .depths in St: Andrews) and _any annual variation in total
production was due to variable Pr values. ~ [ =

g Comparisons of somatic and prespawned gonad weight versus shell, height

“regressions were made to determine if-fhese relationships were different for each

sex (Tables A-20,A-21). For the somatic: weight data, only one of the 11

< ns'showed 2 signifi differ ‘between males and fernales. For the
prespawned gonad: weight ~data, males and.females differed -in nine of 30
comparisons made, but there were o trénds of one sex consistently . having
heavier gonads per given shell length than the other. The-data for males and | ;
females were therefore always combined for the ¢slimnlim; of both components of Iy -
total production (Pg and Pr). i

i
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Figire 3-1

"The age specific vaﬂues for Pr-and Pg for Sunnyside, Dildo and .TNNP are ,

Age specific.gamete and Soma pmducuon @ . ji
. in Dildo seallops. i [

-presented in ‘Figures 3-19, 3-16 and 3-17 respectively. The corresponding values
for samples collected i in C CJolmet New Jersey, Sl Andrews and Spencers Cove are S

summarized in Figire 18, Estimates of total annual‘production for scalldps

© collected in' Sumayside énd TNNP are included in Toble 34 whoress the

© " corresponding valies for Dildo are found in Table 35 Total production éstimates E
+ {6 Colinet, Southern Harbour, § St Andiess, New Jersey nd’ Spncers Cove arp.

presented in Table 3-6. | v v
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The general trend for Pr was to increase steadily with age until an

" asymptote was resched (Rigures 315, 316, 317, 3-18) Pg values increased

rapidly during the first few years md,‘ after reaching a peak at approximately

four or five years of age, they steadily declined with age until the sge of 17 or 18

“when they became negative, owing o the decrease in body weight which occurs in
older seallops, described in section 3. ‘

Total production (Pg+Pr) increased with age during the earliest years, but
after (Pg+Pr) reachied a maximum a gradual decline in subsequent years was
‘_démonstraled:in almost all the long-lived Newfoundland samples (Tables 3-4, 3-5,
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! "7 Figure 3-18: Age specific gamete and soma production
> . in scallops from Colinet, New Jersey, .
o w " St. Andrews and Spencers Cove.

3-6). Decreasing total production was a result of Pg declining faster than Pr was

increasing. Exceptions included the Sunnyside 10m and 20m samples collected in
1082, in which Pr was increasing at a faster rate than Pg was declining, and the
1983 Southern Harbour sample, which did not display negative somatic growth.




Table 3-4: Summary of total production values
(Pg+Pr;kl yr™) for samples from all- .
depths and years at Sunoyside and
: TNNP. %

¥  SUNNYSIDE = TERRA KOVA
| age 10n . 20m dm 1m  20m  3m
_ 7' {s1/83 82) (81/83 82)(81/82/83) (82/83) (82/83) (62 83)
50 470038 3 3%
5 93 92 .83 82 - 38 »
g § 124 132 108 109 . 8f - "8 ?
139 161 123 133 65 130 82 50 66
153 194 140 169 0 0 8T 89 70
166 229 155 186 T4 M4 92 68 70 -
9 ‘178 265 168 209 7 W7 . .9 76 69
10 187 298 180 231 8. W7 97 .84 69
11 194 27 188 249 80 147 . 98 %2 69
12 198 33 193 263 80 145 98, 99 68 =
13 201 376 196 276 . 143 97 ° 106 67 -
14 202 392 197 282 7 139 96 110 65
15 200 406 195 - 267 4 135 94 115 64"
16 197 416 191 288 o1 92 119 62
17 192 423 185 287 65 125 89 12 61
18 184 426 178 283 &1 12 86 125 59
. 19 178 426 1_55 n 5. 1] 83 127 - 67
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Table 3-5: Summary. of total aonual production values
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263
'280
294

* 308,

34
320

324

324
326

323 .

317
312

L83 3

' 160 4 k
164 o

168 o
17t

m 7 L
A7
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134 48 275 133 38, 120 6
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Table 3-8: Summary of total annual production values
(Pg+Pr;kJ yr') for. Colinet, Southern Harbour,
St. Andrews; New Jefsey and Spencers Cdve. ,

. 7" souTHERN 2 -
A .

COLINET  HARBOUR ST. HDREﬁS NEW JERSEY  .COVE

SPENCERS

.. Age (6n 6m 16m) (10m) (i0m 3im " 76m) (31m 3tm) (10m 10m)
i ]

81/82 83 81-83 83 83 83 83 ‘62 83 81/83 82
ol .
£ s L .
316 18 44 65 57 57 39 48 103 112
4, 37 p2 037 . BO B2 82 89 62 B0 109 124,
5 67 62 . 76 ' 94 .98 95-112 92 .118 120 140 !
8 56 65 75 107 124 112 147 136 167 128 152, :
7 57,69 . 76 123 156 '130 188 193 223 134 160 8
8 .57 72 76 141 190 151 235 260 263 137 “165. -
9 58 77. 74 ‘169 226 170 283 g
. 10 B8 79. 74 175 262 188 329 * s
, 11 B8 82 773 ‘192 296 206 374 X B
12 69 84 .72 199 ¢ F
13 58 a;> 70 228 , > & g
L% .14 67788 67. 232 - ] i
% 15 56 87 65 243 ; .
16 55° 86 62 251 S
. 17 53 86 57 258 .
1850 85 54 ' 264 . . .
/19 49 84 50 269 o 20
T T TN ,
B e Bty " ; X
: . .
. . d .
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» 3.7.2. Annual Variation

The prespavn and: postspawn gonad weight versus shell height regressions
were compared for each depth ‘and site in every year'sampled to determine i
these relationships varied anpually. Where no annual vafiation was demonstrated
“for-a particular depth ‘and location, common regresslous were then caleulated to.

- estimate gonad welghh loss on_spawning.

Verisble prespawmng gonad weights for scallops collected from Siunyside
(10m, 20m) aind Spencess Cove’(i0m) resulted in higher. values for Pr-aad total
production. in' 1983 than in 1981 and 1083 (Table ‘A-22). Annual variation was

not -observed in the Sunnside (31m), Colinet, (16m) or:the TNNP:(10m; 20m)

samples, mumng in common values for Pr and total production. Year to year'
variation in Pr and (Pg+Pr) was.observed at all sample depths in Dildo ‘and in
31m from both™ Terra.Nova and New Jersey. The samples obtained in 8m at
Colinet were similar in 1981 and 1982 but-significantly different in 1983.

i
The postspawn gonad weight versus shell height relahonshlps were generally
similar between years; e.g. in 18 of the 28 comparfsons there were no differences
at all (Table A-23). Whéb samples froin a single year were different from the
ather two years, o Site, depth or yearly trends emerged, e. 1981 was a unique
year-for Colinet*(6m) and Dildo {31m) whereas 1983 was ‘the an‘ly different year
for the Bpeaceis Cove (10m) and Sunnyside (20m) samples. The regréssion .
parameters and statistics fof prespawn and postspayn gonad weights versus shell
heighit (both log tiansformed) are presented inTables A:24 to A-27.

" v
‘With_the exception of New Jersey (31m), Dildo (31m) and Colinet (6),

<" where Pr was greatér in 1083 than 1982, the Pr values for 1082 were at least as
great as those from other years at all sites. A secondary. trend seen in those sites
sampled over a penod of three. years was for very high values of Pr in1982 and
lowex but similar. Pr va]ues for 1981 and 1983..as in the Dildo (IOm) example, or
for no sxgmhcant dxl’ferences at all between 1981 and 1983, eg at Sunn)sxde
(10m, 20m) and Spencer's Cove (lOm)
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Large annual 1l i re ch istic of the sh depths from..

the more prodluctive sites, such as Sunnyside, Dildo and Spencers Cove, in

E contrast to less productive sites such as TNNP and Colinet. Moqe detailed

section 3.7.4. -

Qo ' 8.1.3. Différerices Related to Water Depth

L& Scallops, collested from the ‘shallowssi depths in Sunnyside, Dildo and
“TNNP .2l had higher agespecific Pg’ values than those s}m‘pled from greater
depths at the saine sites. " The one exception was the greater annnal‘snmati_c

. growth ‘exhibited by scallops collected from 16m in Colinet compared: with those
collected Trom 6m:- ' Comparisons ‘of somatic weight versus _shell ‘height
relationships for different depths at a given site were included in,section 3.6.1.

~Greater age-specific reprodictive output - (Pr) ‘was ‘demonstrated for the

_shallower ‘samples (10m,20m) in Sunnyside. In each year - the slopes for

*_prespiwned -gonad weight versus shell height were similat for all.three depths
(Table A-28). “The intercepts were always similar for the samples from 10m and
20m but the intercepts for the 31m samples were always different, compared with"
the two shallower depths. ~ Values for total production.in Suniyside were much
greane.t at 10m than a‘t ‘l()rq or 31m.

* With the exceptidn of 1983, when Pr was greater. in' skallops from 31m; a
 genetal trend of higher Pr values in the shallovest saumple depths was also
demonstrated [or the Dildo data. (Figife 316, Table 3:5). In 1981 only the data
“from 10m and 31m differed in mtcrcept Mmress Jn 198‘7 all combmahons ‘were,

-different. In 1983 the 10m and 20m samples were not slgmhcaufly different from .

- one another, but both had different slopes when compared with the 3im sample.

With the” exception of a very  productive samiple- from 3Im in 1083, total *

e " production declined with increasing water depth.

5

- comparisons- of " annual production between the various sites will be. made in
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: There.wis no clear trend in Pr at different depths in the TNNP samples, .
. which were relatively similar (Figure 3-17, Table 3-4). - In 1088 the scalldps Fo
collected in 31m exiited the bighest Pr values, whereas they Had.the lovest in
1983. No differences in- the gonad: weight versus shell height relationships were
observed in 1983, but they ali differed in slope in 1982. With the exception'of the,
1082 sample from 31m, a general decrease in total production with depth was - o
demonstrated in the TNNP data.. - - = . ) Dot ek Dal

- Noclear depth-relatéd trends in Pr weré displayed in the ‘Colinet scallops

(Figure 3-18, Table 3 6), although the gonad “elght versus shell height regressions - X
were, identical only in 1982. Greater values of (Pg+Pr) were obtained in deep

water scallops except in 1083, although these differences. between depths in-age .
specific total production at Colinet Were very small. - = i, gt 153
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scallops from the greatest depth (76m) at St. Axidrews (Figure 3-18, Table 3-).

s, Those Trom 10 atSt. Andrews had a greter gonad output aid total production
", thad those from ‘S1m. Only the 10m and 3lm Simples differed’in their goniad

‘weight versus shell height regressions. : o

(.77 3.7.4.Site Related Differences

. " The corresponding Pg values for each depth were slightly higher in Dildo._
than Sunnyside scallops, but values for the TNNP sainples were lower than those
for the aforementioned sites (Figures 3-15, 3-16, 3-17). ‘Comparisons of somatic
weight versus shell height relationships for correspondmg depths ateach of thesé

. snes have been presented i section 3.6.2; but the summary ol‘ the" slaustxcal
comiparisons of prespawned gonad weight foftsimilar ‘depths -at each site are/ -
presented in Table A-29. -l

.o, 1981 greater Pr .n_d total production values were observed for scallops’

from each depth at Sunnyside thin for those from comparable depths at Dildo

e
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(Figures 3-15, 3-16, Tables 3-4, 3-5). The prespawned gonad weight versus shell

" height relationships were different for both the 10m"and 31m samples, but despite

the much higher PF values observed for the Suniyside 20m sample there was o
difference from the ‘20m; Dildo sample, which ‘may be related to the poor
regression (see Table A-24) obtained for the Dildo sample. ’

In 1982 greater values:for Priand total production -were ebserved -in the

* Sunnyside 10m and-20m samples than in Dildo or TNNP: " Similar Pr values were

seen. in the 31m samples from all three sites but there was greater total

‘pioduction it seallops from Dildo and TNNP compared to Sunnyside.. The gonad

weight versus shell height felationships for the 10m ‘simples were’different for

each site, whereas the 20m samples from Sunayside and Dildo-were identical, and

both had intercepts that differed from the TNNP sample. . There were o

W rhﬂ'erences in".gonad we)ghz versus ‘shell heighit between Dildo and Sunnyside or

TNNP scallops, but Sunnyside and TNNP samples were different.

‘In 1983 greater valies for Pr and total production were found in- the'

Sunnyside 10m and- 20 ‘samples than Dildo or TNNP collections made in similar

depths. Whereas greater Pr and total production estimates in the 31m samples

.were observed at Dildo, the Sunnyside and TNNP samples were similar. The
. gonad weight versus shell ‘height, relntmnshlps between 10m samples were sumlar

for Dildo and ide or Terra Nova, but and TNNP. vere different
from one another. - Comparitons of 20m samples Tevealed similarities. between

Sunnyside and Dildo, but both of these differed from TNNP, whereas the 31m

sample fro Dildo was different from both the Sunnysnde and the TNNP. samplgs,

which were 1denhca]

It comparisos ‘were made with -the’ Colinet data, for which 6m was
considered equivalent toi 10m, then Pr values aud total production estimates fof
any givenyesr wers less-thab those obtained af othier sites; espscially: Sutinyside
and Dildo. 1f-16m’ were to be imately equi to 20m, then
Colinet scallops always produced fewer gametes and iad lower total production




= / Values for age specific reproductive effort (RE) and size spmﬁc RE for I.he :
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than any other sites in any given year, with the exception of 1981, when they :

were similar to Dildo scallops. |
3.8. Reproductive Effort, Value and Cost

38.1. ml;mr;ncshe Effort .

mary sites (Sunnyside and Colinet) are pmsm’wd in Figure 3:19. Data were

* pooldd where appropriate e.g. when there was no annual variatior in Pr

Greatér RE valued were observed in 1082 than in' 1081/83 at Sunnyside

'(10m and 20m data.combined), but.in 6m at Colinet RE was greatest in 1983.

Maximum RE values were obderved at npprokimgtely 16 years of age before the
values. ealeulated by RE-—[Pr/(Pr+Pg)} 100 exceeded 100% due to negative Pg

values, also observed in sea urchins by Thompson (1983). ~The Colinet :6m .

samples were an exception because they did not display declining somatic weight

during the final years.

At Sunnyside in every year age specific RE was greater at 10m and 20m
than at 31m. A similar depth trend was not observed in the Colinet data, where
RE at 6m in 1983.waS greater for scallops below approximately.age 15 than RE at
16m, but was similar ‘or lower in 1081/82. With the exception of the eight to 14

year old scallops collected from 6m in Colinet during 1983, RE values for all the

Sunnyside samples were higher than those from Colinét, especially at comparable

depths. : ,

The scallops from shallower water in_ Sunnysidé (10m, 20m) have been

" previously shown to be larger and heavier than those of comparable age' from
_ deeper depths; (31mi) and. those from Colinet.. It is therefore also desirable to
.compare the -partitioning of energy between growth and reproduction in scallops *

of similar weight as well es in those of similar age. The same trends between
+ depths and sites observed for age specific RE were also seen when weight specific
RE was considered (Figure 3-19).

®
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The scallops. from shallow water at’ Sunnyside not only had’higher age
'specihc and weight-specific reproductive output but also had greater proportions
of their total production invested in gamete production, i.e. a higher RE.

The amount of energy invested in gamete’ production expressed- as &

. proportion of ingested or absorbed ration, or as a proportion of the total energy
budget, has also been proposed as an alternative index of reproductive effort
(Hirshfield and Tinkle,1075; Calow,1679). The first step in this procedure was to
caleulate monthly clearance and metabolic rates for Sunnyside scallops from 10m
and 31m, using. the slopes obtained for the cleatance rate verss total-dry weight
regression (0.69) and' metabolic rate versus total dry weight regression :(0.8;
Scction 3.3). This was done for seallops of standard dry weights which lay within
the range found in each population (540 g at Lom, 520 gat 3lm). Monthly rates

of ingestion were then calculated by iplying the i clearanc? Tater(]

brl, by the cor ing ambient food availability that month (J I')for gach’

* depth and the number of hours per month. The sum of the monthly yalues gave
/
the total energy ingested per year. Annual metabolism was the sum of monthly

oxygen ¢ jon rates by multiplying the appropriate values (ml

0, hr"}) by a conversion factor (19.9. 3 mi™ O, and by the number of hours per
moith. Pr and Pg for each size and depth were obtained by estiiating the age of

éach scallop of given standard total weight and mterpo!anng the correspondmg Pr..

and Pg values from the curves in Figure 3-15. /

Whiskess™ tha  phyaisligical: Biesiirements wierd oaley msde i 1988, ‘a8
additional comparison was made by applying the same seasonal metabolic and
clearance rates to the 1082 data.. The-annual tofals for ingestion and expenditure
of energy expressed in kJ yr™l for 1982 and 1983 are suminarized in Table 3-7.

Different levels of food availability resulted in greater annual ingestion rates
for the scallops collected from 10m in 1082 than comparably sized scallops from
31m, but ingestion,Fates for scallops from both depths were similar io 1983.. Both

the Pr and Pg values were lower at 31m than at 10m but the values for bhe 31m
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! 'Table3-7: Cumulaive totals for ingested ration I,
somatic production Pg, gamete production Prand
0, consumption for a series of &
standard-sized scallops from 10m and 31m'at

. Sunnyside.” All values ré expressed in . .
a2 kI yrt 5 ;
S )
i ¢ % ;
) 10m ;

» 5 : =1 4

=) 1982 | 1983 3
Total ‘1 Pr Pg ' 0, I Pr ' Pg 0, f
Weight. - - &

5g -509.8 13:5 50.8 111.8 -388.1 _ 21.5 57.0 111:8

10 g 852.7 ‘?.7 81.8 '207.8 ° 620.2 42.0 81.8 207.7 \g
16 g 1096.8 82.2 78.7 297.9 834.9 70.'2 865 297.9 ‘3 .
20‘ 1364.8 120.2 74.7 385.0 1030.5 1!2.'3 53.0‘ 3‘55‘.0 ’ !
30g 1786.6 219:2 62.5 “sb.0 1356 140.9 53.2 6519
_ 40'g 20725 307.5 45.8 663.2 1684.1 186.7 10.04  €63.2% . ¢
3 )
5g 335.1 .15.2 46.3 85.5 396.7 15.2 46.3 . »HSAE
' i0g 525‘.5 27.1‘42A9 . 168.7 Gzi.‘ 27.1 42.9 168.7 ) :
15 g 721.8 43.9° 34.6 227.5‘ 864.1 43.9 34..3 227.5 .
20 g 884.4 66.1 4.9 291.4 1046.2 66.1 4.‘9\ 2914 S £
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TEbIENE Cofveapbidiig vilis s paiiotd st somaie
production at Sunnyside, plus O,

SO

o '.exprgssed asa of
. | ingestion (+100). -,
. \\ 10m
Total kaz ‘\ g 1983
higl;r. Pr/1\ ' pé/x 0,/1 . Pr/1c }g_lr- :92/1
5 g~ ~3.682 . 9.97 2‘1.92 5.54 14.69 25‘.30
10(g 5.83 2 9.60 2“@.37 6.78 '13.19 33,50
16 g 7.49 y % - 4 2‘7‘15 ‘9.40 10.36 35.68
20 g 8.87 5.52 2éﬁ42 1'0,90 8.60 37.36
30g \i2 27’ .""3.50 30‘\‘.90 10.32 3.89 40.41
g 14 . 221 32000 1178  0.63  41.81
‘\‘31111 .
Gg . 452 1382 26,52  3.82 1167 21.56
,10g 516 8.4 a'o.“ié 430 679 25.15
16 g 6.08 - >4419 31.52 5.14 4.05 26.64
g | 7.47. 055 3295 6.32 047  27.86
|
i
. .
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_scallops- were the same for 1082 snd 1083 owiag to a lack of annual variation in
total production for this site and depth (Section 3.7.3). Lower Pg values were
observed “for the. 31m scallops because they were. much older than those of
equivalent weight collected from 10m. Thus a 20 g scallop from 3lm_ was
approximately 17-19 years of age whereas one from 10m was only seven or cight
years old and still growing relatively quickly. Higher Pg values were also
observed in 1982 than in 1983 for the heavier (>30 g) scallops from 10m for the
same reason ji.e. a 20 g animal was approximately cight and a half years old in :
1983 but only seven years old,in 1082. Much-higher gonad-weights resulted in
younger seallops achieving & given equivalent weight in ‘1982, _Higher rates of

" oxygen msnmﬁmmere observed for th faster growing scallops from 10m.

The .annual cumulative P, Pg and O, con;umption for 1082 and 1983,
epressed as percentages of total ingestion, are presented in Table 3-8, In each
year scallops from 10m invested a greater proportion of their ingested ration in
, the production of gametes and somatic tissue”than scallops* of ‘similar -weight-
collected from 3im (vith the. exception of 5 g scallops from. 3lm in 1982).
“Although the ingested ration for the' 10m soallops was higher in 1082, they

 invested a greater pmp@amete production than they did in 1983, but the
ma

proportidh spent on so iue grofvih-was-lower in 1982, “The similar rates

for gamete, soma D and-oxygen for the 31m jons in

1082 and 1083 resulted in a simple inverse relationship between these three

quaritities-and total ingestion. -For example, in 1983 when the ingested rations of
31m scallops were Higher ithan in 1082, the equivalent production and Tmetabolic
loss estimates represented a smaller proportion of the total than they did in 1082.
Metabalis expenditise as a proportion of igested energy in the 107 samiples Was
lower 31082 due to higher ibgested ration in ‘that year, which may have also
* contributed to lower Pg values in 1982. o

The pércentages of ingested ration invested in gamete production, somatic

produétion and ‘oxygen consumption' (Table 3-8) were also expressed as functions
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of age (Figure 3-20). The proportion invested in growth ranged between 10% and

14% for four year olds, and declined rapidly with age to zero around 14 or 15

yeats of age in the 31m scallop collections. In the 10m scallops during 1983,

somaticproduction was still positive (195) at age 16 because the scallops were still

. Erowing, albeit slowly. -Somatie. production could not be calculated: for the 10m

%.INGESTED: RATION

Py 19821983
0m . o

,3m e o

4. 7 10 13 18 4 7 10 13 16 477 10 13 18°

* Figure 3-20:  Age specific gamele and somatic
§ production, plus oxygen consumption
. expressed; as a percentage of ingested
. ration (-100). .
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‘The proportion of ingested energy invested in gametes steadily increased
with age for both populations with gemerally higher 1082 values from .
" corresponding depths. In each year, consistently higher values-were observed in
" the 10m collections. *

Oxygen- consumption as s percentage of ingested ration increased from

‘approximately 22-30% to 28-42%, depending on- depth and year, with values for *

" the 10m samiples.at least similar to (1982) of much-greater than (1983) thse for
the 31m samples. Annual differences at each-depth ‘afe attributable to yariations
in ingested ration, because the same. oxygen upuké data were used in eaclyyear.

3.8.2. Reproductive Vllue

agroaaasia vt wasl terms or ‘tosundiy, vaa caleulated froca

the mean weight per million scallop eggs and the ‘age ‘specific weight loss on

spawning. The mean weight (g) per. million scallop eggs for both depths combined

. -was 0.115:+ 0.023 in 1982 and 0,091 0.016 in 1983. Reproductive value was also
expressed as the energy invested in gamete production (Pr) (Figure 3:21).

Since fewer scallops were used for the mortality study in/Sunnyside than in
Colinet, and the number of scallops that died at the former s} was insufficient to
ealeulate” 3 separate mortality curve, ‘the mortality curve for the Colinet
population (Figure 311) was used to caleulate age specific survivorship for
scl.ﬂops {rom S\mnyslde Identical age spegific mottality rates, rather than size
specific rates, were used for the 10m and 31m seallops, on the assumption that
sc-.l]ops of equal age from the two depths at the same location were more likely to
have' similaf mortalities than similar-sized animals, hecnuu the lcxllnpl lrom 10m

were mllch younger at any pven size,

" Common survivorship probabilities for the. 10m snd 31m samples; aud the
products of these values and age specific reprodyctive output for 10m (1881/83
and. 1082) and 3lm (1081-1083) respectively, are presented in Tables A-30 to
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 A33. These products represent the future potential for prodicing offspring-i
" terms of energy or residual reproductive value for each age class (Figure 3-21
The calculations take into the probability of death from one year to
- the next and the increased reproductive output when each additional age is
dttained. : ' - R
. -
5 . !
RV
(EGGS 10°)
19821983
10m'%)
. 1897 Sim & 0 5

,1981/82/83 2 /f\‘\..,.._\
1987/82/83

28 10 14 18 2 6 10 14 18
AGE (yr)

o

2

Figure 3-21: Reproductive value.(RV) aid residual
. reproductive value (RRV) for scallops
@ from 10m and 31m at Sunnyside.

10

14

18 "
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Reproductive value increased with age and was much greater for scallops

*“from 10m than for those from 31m (Figure 3:21). Altbough individual eggs

(ege"nimbers) was greater in the latter year, and reproductive output (Pr) was
Ahie same in both years. For the same reason the differences in Tecundity between
‘the .10m samples were not as great as. the differences in reproductive output.

. RRYV values for all three conditions-increased to a maximum at approximately

3
5

y
four or five years of age, then. declined rapidly until sbout age 10 The slow
‘declines between the years 10 and 16 were probably due to thé-low probabilites
of death almost being offset.by ihi increasitg reproductive output. The further

“rapid decline was a result of very.high mortalities in the latef years. RRV did not

Lo " teach zéro for these populations bavaa thsse-wonk samie old, mdividui b which

- “tages could not be confidently assigned. Regardless of age, RRV-was much higher

at 10m than at 3lm owing to the compounding effect of higher age specific

: reproductive outputs over the:entire lifespan. . &
. 3.8,3. Reproductive Cost

profduced in 1082 wére larger and heavier then those spawed in 1083, fecundity

Tn Drder to estimate repmductlve cost l! was necessary to divide the annual

and nic phases. To d

reproductive cycrmnto

" ‘the separate phases, the weight of gametes in the gonads of standard' 140mm

'mulhiply'ing.mm gonad dry weights by the appropriate GVF (Figure.3-22). The
gametogenm pqase was from April to September inclusive at both depths. Similr
‘increases in gonad weight and DNA. eont,e}t of the testis have previously’ been

d in Pl Ragellanicus from d for the same time

7 :of the year (Thompson,1977). . &
e
. The valués of oxygen consumption for the remaining six months (October to

May; consideredfo be the non-gametogenic phase) were combined to calrulate

 maintaining somatic tissue, (R*) was obtained by multiplying this monthly average

scallops from 10m and 31m_in Sunnyside were calculated for each mbnth by

< means for-a series of standard sized scallops. An estimiate of the metabolic cost of
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GAMETES (5)
> o

»

U ASONDIUFMAMI JASOND I FMAMIIASO
1981 1982 1983

Figure 3-22:° Seasonal eycies in the total weight of
gametes in the gonad of & standard 140 mm
scallop from 10m and 31m ot Sunyside. - .

by 12. Values for Pr and total metabolism (R) were obtain¥d from Table 3-7.

. rates (Table 3-7) by 2’ mean annual absorption efficiency (e) of 0.47 (Thompson,

pers. comm:). Reproductive cost was then calculated as described in Sgetion

2 9.2, and results presented in Tables 3 9 and 3-10 and Figure 3-23.

Only in large (>20 ¢ scallops from 10m, in 1983 did the production of

gametes and the ‘associated metabolic expense divert ehergy ‘away. from -the .

maintenance of somatic tissue, i.e. there ‘was a positive value for. reproductive’

. cost. In {bis cireimstance the larger scallops may be considered reckless

" (Calow,1979). Reproductive output was much greater at 10m during 1082 than in

1983 samples but there was.no reproductive cost, since ingested ration increased.

Reproductive cost for the 31m -scallops was lower in 1083, owing to higher

ingestion rates, ‘and did not attain positive values, " Relativaly greater costs (less,

Values for C (consumption) Were -obtained by multiplying the annual ingéstion *
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Table 3-0: - Values for gamete productiot, -absorbed ration 5
and total metabdlism partitioned into 5
! ive and i in . ;
. 1982 for scallops from 10m and 31m at Sunnyside - ‘
. 5 “ (1ml 0,=19.9 7). E L
1982 - B H
© Total. - 3 10n
Weight Ce Pr R Rt R-Re RAR Cogp’
g 5g. 239.6 18,5 '111.8 80.4 31.3 0.72 : ? i
s ., 10g "400.7 . 49.F 207.8° 14974 _68.4 0.72 i
B 16 g 516.6 ~ B2.2° 207.9 213.4° 84.5 0.72 i $o
20 g 636.7 120.2 385.0 275.8 109.2. 0.72 B
30-g - 839.7 219.2 6519 400.6 161.3 0.73 i
40 g 974.0 307.5 663.2° 477.5 185.7 0.72 1 5
N 3 N ¥ 1 i
% f e, 3m v
§g 1575 152 85.5° 62.4 - 23:2 '0.73 - -0.91 i
10.g 247.5  27.1, 156.8 118.2 ' 406 0.74 -0.52
15 g 339.3 43.9 227.5 167.4 60.7 0.74 -0.41- :
20'g 416.7.0 66,1 201.4 21511 76.4 0.74° -0.27 h
‘negative) were observed in all the scallops as they grew (aged), In general, .
scallops from Sunnyside ‘displayed . restraint (Calow,1979) in their reproductive
* strategies. e !
: " . -
. P
| |
¢ i
. | P " '




¢ " Table 3-10: Values for gymete production, absorbed ration

K and tota) metabolism pulilione‘d into

and d for

8 1983 n mnops from10m and 3lm at Sunnyside
. 8= (1ml Oy =10.9 J).

1983 |
Total . 10m -
' Weight C+e - Pr' R . Rs R-R*  R#/R " Cost
— : ;
3 f § . ki
5g '182.3 21.5 111.8 80.4 3131 0.72 B
. 10 g 291.5 42.0 207.8 149.4 = 8.4 0.72 H
16 g 392.4 70.2 297.9 213.4 845  0.72 ¢
20 g . 484.3 112.3385.0 275.8 109.2 .0.72 ; 4"
30 g+ 641.8 141.0 551.9 400.6 151.3 0.73 :
. 40 g 744.5 188.7 663.2 477.5 185.7 0.72 , i
@ 3in’ i - ;
5g 186.5, 15.2 855 624 . 23.2 073 -1.38
10 g  296.7 < 27.1 168.8 118.2. 40.6. 0.74 -0.94 $
16 g 401.4 43.9 227.5 167.4 _6€0.1 0.74 - -0.78 3
20 g 491.7 © 66.1 291.4 215.1 76.4 0.74 - -0.62 i
3 : ; 3
v % S PR 4
: 3

" 3.9. Comparisons of Cultured and Natural Populations

The cultured scallops from Spencers Cove had greater shell heights and - a1t
somatic weights at a given age when compared wifh naturally grown or wild i
seallops from nearby Southern Huimur (Figure 3-14). Von Bertalanffy equations
mdlcnted that .the cult\lred scallops leuhed their smaller Hoo nf 127.6 mm at a
much faster rate (k==0.38) than the naturally grown scallops, for which the Brody
growth toefficient (k) wes 0.16 and the a.sympu;tic height Hoo 173.8 mm,
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Figure 3-23: Reproductive cost in scallops
from 10m and 31m at Sumyside.

e et

Cultured scallops greater than' eight years of age were ot available, so

statistical comparisons between cultured and wild scallops were made on the age

classes between two and eight years, which were common to both groups. All the =~

parameters for the age specific shell height and somatic \eight comparisons fitted
téwpolynomials were significantly different (Table 3-11). . Slopes for the shell

weight aod somatic weight versus shell height regressions were significantly. .

different, with lower shiell weights and higher somatic weights in‘a given height
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class. observed for the cultured scallops.” There were no differences”observed in
the prespawned gonad weight versus shell height relationships for the two seallop
samples collected in 1983. i -

s .
Table 3-11: Summary of t values for comparisons of
- growth rates in cultured and naturally grown
scallops. Cubic polynomials fitted to shell
héight versus age data; quadratic *
polynomms for somatic weight vs. age
ips; and soiatic, p
gonad and skiell weights all related,
to shell height. &'

Shell* . Somatic ©  Somatic = Gogad ~  Shell

Weight  Weight . Weight ' Weight - Weight

(age) (age) (height) (height) (height)
By 9.;41"‘ 8.30%x a - 0.32 -,
By 3.5Tevy  3.20w4s b B.60v+ 0.19 2.14¢

B, 4.33xe  3.01xx - - . 2

By 2.944%

pecifi i of reproductive effort, mete prodm:hoﬁ and
somatic production in addition to simuhs of reproductive effort calculated on 2
weight basis which attempted to reduce the influence of the faster growth rate for

cultured scallops are presented in Figure 3-24. The low Hoo value and rapidly !
declining Pg values for the cultured scallops suggest thiey may not live.as long as.

the wild scallops. In an atteinpt to reduce the infjuencé of the age factor each age

dlass expressed 1 a proportion of the total ll[espan ‘and” its rorrespondmg v i
reproductive effort for the eu]tured and wild scallops was mcluded in flgnn 3~2-lV
Longevity-for the cultured scallops. was estimated to be 12" years bnsed on the

leigth of time o reach the asymptatic loth aid by extrapolating the decining v
Pg values to zero. The lifespan of‘the wild scallops was estimated to be 20 years. £

|

s {
i
3
3
A
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. Figure 3-24:  Age specific reproductive effort -

and production, relative size specific RE, and

’ RE for each age class, expréssed as'a

Y . . proportion of life spai for cultured and )

R natural populations. RS
Reproductive effort per given age class was higher in the cultured scallops,

however after correcting for the effect of a more rapid growth rate effort was then

greater for the naturally grown scallops. ‘Greater values for reproductive effort . -
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were also observed for the wild scallops when expressed.as a proportion of the

lifespan, for example, when the cultured scallops had achieved half of their
expected lifespan they only had an’ effort of 54% whereas the naturally grown
scallops had an effort of 7§%%: The values for gamete production per given age
dliss: weielbighist for AK€ Vultured ‘séillaps. * The Py waliies for: the calbnred

seallops ranging in age up Yo six years were greater but lower than the wild'

scallops for age seven and eight indicating that the wild scal]oys were growing-

Taster than culbured ones i the later years.

3.10. Comparison of L

Scallops from approximately the northern and southern limits of distribution
for Placopecten tnagellanicus were collected from Sunnysidé and off the cosst of
New Jerséy, respectively. Samples of scallops from*an intermediate latitude were
collected from St Andrews, New Brunswick. The shallowest water from which
scallops were routinely. collected in the southerly New Jersey location was, 31m.
Since scallops were collested from more than one depth in Swyside and St
Andrews, a problem arose in selecting populations for meaningful ‘comparisons.
between the three ‘areas. The obvious choice would have been to compare
samples collected in 31m, but the approach adopfd here was to compare scallops
from the shallowest “depths at which they were found, beciuse the annual
cumulative day degrees were more'similar to the warmer New Jersey environment
in the northern shallow zones (10m) than in decper water (3lm). Statistical
comparisons between the three locations were only made on those scallogs
collected in 1983, ranging in age from two to eight years.

3.10.1. Seawater Temperature

Water temperatures recorded at the New Jersey site were higher than at the

" two more northerly sites except during’ April to September (Figure 3-25).

Temperatures in New Jersey averaged 17°C in November but never dropped

below 5°C during the winter before gradually increasing between April and
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September. Temperatures in St.  Andrevis dropped o zero in February and

rapidly increased botween April and June before leveling off to a maximum of
12° Cin . Ter s
in St. Andrews, especially during. March and April, when they dropped below

in ide were lower than those observed

zero, but the general shape of the Seasonal cyeles were similar for_ these two sites.
Annual day degrees were estimated as 3180 for New_ Jersey, 2536 for Si. Andrews
and 1451 for Sunnyside. .y '

3.10.%, Gametogenic Cycles

Histological sections of gonad tissue were not obtained from scallops”
4 Ros :
collected in St. Andrews but were available from scallops collected in New Jersey

and Sumnyside on a monthly basis in 1982 and 1983. Scallops from Sunnyside

spawned during late August, whereas the New Jersey populstion released. their
gormetes in early o mid-Ogtober (Figure 3-26). Scallops from the Bay of Fundy
aren spawned during late August or early. September (Dickie,1953). The
proportion of hature gametes displayed the sime trend as total gametes from
July ‘to Noveinber, but mature sperm rapidly increased in the gonads of New
Jersey seallops from Jamuary through April while no mafire sperm ‘were observed

during these months in Sunnyside simples. “Mature and ‘developing, gametes

declined and subsequently, incressed 4n proportion in the New Jersey samples

during the summer months. Thi§ apperent release of mature gametes and the
increase in developing gametes may be indicative of partial or dribblespawning -
(Newell e al., 1082), so that rmy values for Pr and:RE for the New. Jersey scallops
may bé underestimates. Except during November to January, mature sperm were
present it New Jersey scallops from February to October, even though the_major
spawning did not take place’ until October. In contrast, mature sperm were only

present in Sumyside seillops from April to September, corresponding to the

phase of the ive cycle described i section 8.8.3.
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Figure 3-25: Seasonal cycles of mean monthly water
; temperatures for New Jersey, St. Andrews and
.l . Sumyside. : X
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Figure 3-26: Gamete volume fractions for total gametes (TG)
e & in males and females combined, and in mature
- (MG) and developing gametes (DG) calculated for
male scallops from Sunnyside and New Jersey.
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3.10.3. Growth Rates and Production

The' Von Bertalanffy equations for all the age classes found in New Jersey,

. St Andrews and Sunnyside were included in Figures 313 "and 3-14._ Despite high

2 values for all three populations, the 5% confidence intervals for Hoo were
much greater for the New Jersey populatioi-(:208 mm),then ither  the. St.
Andrevs (125 mm) or the Sunnyside (+:3.0.mm) populations. The lack of older

scallops approaching asymptotic height in the New Jersey collections may have s

* been_responsible for a poor fit obtained by the Von Bertalahdly equation, resulting

nyside are known to live st least 20 yeals (this study), whereas the longevity

exceed 12 years (Chandler, pers.. comin.; Stevenson and Dickie, 1054). Only one

" “lower k values but greater, longevity and Hoo values for the more northerly

populations was obscured by.the relatively small’samiple sizes from New Jersey.
and the'resilting poor it by the\Von Bertalanffy équation.” For examiple, s k
' value of 0.34 and Hoo of 141.4 mm ware reported for scallops up to ae nine fiom
the Georges Bank (cited in Naidu;1969).

There ‘were no significant differences betwesithe ‘shell height, somatic

weight ‘ind age relationships (polynomials) in the. three .scallop—populations,
despite apparently lower age specific somatic welghts observed in the New Ieuey
sample (Figure 3-27 and Table 3-12): The slopes for shell weight versus shell
height equations were different for all:three populations (Table 3-12). Similar
slopes for the somatic weight versu‘s shell height regressions were obs’evv_ed;fnr all

‘in a poss)ble overestimate of Hoo .and ‘underestimate of k. Sca\lops frof .
for scallops from the St. A.n_drews ares or " the Bay ‘of Fundy generilly does not .

“'ten yearold scallop was found in the New Jersey collections. A general trend of

examples, but the New Jersey samples had a lower intercept than samples from *

- both St. Andreits and Sunnyside, which were the same. Pg values were highest in

Sunnyside scallops and lowest in those from New Jersey but the differencés are

not likely to be significant-because of similarity in the somatic weights in each :ge

class. The gonad weight versus shell height relationships were not significantly

dlfferent bet\\een Sunnyside and New " Jersey scallops bul. ‘both of these
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; ) Figure 3-27:  Age specific estimates of mean shell height, © =
3 mean somati¢ weight, gamete production and
; . 3 " somiatic production for scallops collected from
Sunnyide, St. Andrews and New Jersey.

populations differed fro St. Andrews scallops.. Scallops from New Jersey

produced more gametes tha.n,sicu{lops of similar age collected at Sunnyside or New

lersey. \




Table 3-12: Summary of t values for comparisons of cubic
d polynomials fitted to shell height versus age;
quadratic-polynomials fitted to somatic weight
4 versus age; and somatic, gonad and shell weight
B ! “versus shell height, for scallops collected
o from Sunnyside; Ne\v Jersey and St. Andxews
in 1083.

Sunnyside+N.J." 'N.J ¥St.Andrews Sunnyside+St.Andrews , -

By 143 1:82,

Shell '§, 1.30 o 1.47
Height g, 1.00 ' . T 1.38
(age)  f, . 0.87 3 1.31 -
. By 012 0.19 - 0.05 -
Somatic 4, 0.i6 0.00 P 0.20 5
Weight g, 0.7 . < . 0.62 ; 0.02 .
(aged ) B : B
Shell a -~ : s L=
Weight b ~3.58%#+ 3.10%¢ - 6.30%%%
Somatic a  B.96%%% 10, 124ex 5 0.67.
. Weight b 1.15 ; 0.12 : . 183
Gonad a 3.32 EE ) 6.52¢%x
Weight b 0.36 2.54+ E 2.22




3.10. 4. Raprod\lcﬁve Effort

Reproductive effort- in any_ given, age class and the relative. effort for a°
seallop With!. a standardized somiatic weight (Flgure 3-28) were both greater in the
"New Jeisey population due to greater Pr and lower Pg values than in St. Andrews

) und Sunnyslde scallops. Reproductive cfforf was greater, in young seallops from *

Sunnysidle compared with those from St. Andrews, but lower in’older ones (>6

‘consistently higher for Sunnyslde scsﬂops than for those from $t. Andrews. Thus _

the relative effort of a'15 g scallop from New Jersey was >EO%,,whereas a.

Relative effort valia-for esallops: with. siinilarsomatias waighls wabe:

Sunnyside scallap of the same wéighionly had aneffort of $3%.. Th1§ may be

related Yo the fact that at 15 g the Suinyside scallops had only auamed half their

‘masimum weight and were, . stil growiig rapidly, whereas the New Jersey scallops

had almost achieved their maximum ‘weight and were growing at a relatively. slow

pace; Due todifferent L ities in the three scallop
Suniiyside; 12 years at St. Afdréws and approximately 10 years at New Jersey, 2

correction previously described'(Scction 3.9) where each age class. éxpressed ds a

proporhon of the lifespan. and its coxrespondmg reprodncuve effort: \alne ‘were.

o calculabed ‘and presented in Fxgure 3-28._ The scallops from Sunnyside had higher
- values then those from New Jersey or St., Andrews, eg. at the mid-point of its

lifespan, a Sunnyside scallop.had an effort of 67% whereas New, Jersey aid St.

Andrews 'scallops had values,of 57%.and 45% respectively.-
5 B % NG 1.

i.e. 20 years at_
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Figure. 3-28:* Values for age specific reproductive effort,

relative weight specific RE and RE for age

classes. expressed as a proportion of life
+span for scallops collected in Sunnyside,

New Jersey and St. Andrews.
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4.1. Growth and Production

The deeper water envi were consi dless for scallop
growth du 16 fewer cymulative dey. degrees and less total. available-ration t9
these suspension feeding bivalves. Poorer conditions were reflécted in'slower sheu'
growth ratés for the scallops' collected from the deeper water environments.
Despite unavoidable exrors in assigning ages-to individual scallop specimens I have
confidence that the age estimates used. for calculations Were accurate for each
depth colleetion and that meaningful results were obtained. The results of the
maltiple observer. smdy revealed that st least o of the observers was capable of

and

age from annual fings ob the shell ‘and
ligament, >
3

i
-~

" The'observed differences bebween shallow water populations, deep water
popilations and the faster growing cultured scallogs became even clearer When-
the sg-specific somatic wpights were considered.These result: are ‘consisent
with ions on Hinnites-multirugous by Leighton (1970), and on Mytlus
edulis by Kautsky (1982b) aad Rodhouse et sl (1884), all of shon fepoited more,

rapid shell growth and greater tissue weight in bivalves from shiallow Water tham——

in those fggm deeper water or growing on the bottom. More rapid,tissic and shell
growth have also béen rgcorded:in musséls (Choromilus meridionalis) collected
at lower levels in the intertidal zone than in mussels from more exposed: higher
areas (Griffiths, 1981a,b). ie




““When' reproductivé. output was ineluded i, estimatés of total production,’
fitch greater, differences were found between the shallow and deep water scallops
and betwéen the cultured scallops and ngtural populations. The major objective

« . ~of this work was to investigate the ipfluence of food availability and température
¢ on growth and production of the scallops by utilizing the gradient which depth
provides in the natural environment. This objective was met in that there were

o “good correlations. between depth and measured values for food level and

température, and that differences in'these variables were reflected in reduced or

enlianced growth and/or reproductive output, and in changes in RE. Taking = -~

..+ advantage of this natural and .to some . extent predictable partitioning of the’ :

env:runment bas resulted in a stndy that jleme existing and

N © studies i in which ration and temperature have been mampu]ated in the labantory

A similar- result, muelf greater total production”under less environmental stress, .

has been reported in Mytilus edulis by Bayne and Worrall (1980), Subsequently,
if more energy was available to grow faster then'surpluses may also be aveilable’ o

3 to put into gamete production (Sebens 1982).-

Larger maximum heights were observed in scallops from shallower water but

\ “the ratés at which the animals reached their respective asymptouc shell helght.s

were ften similar. ~ Griliths (1681) also reported similar'k values for growth
" curves of mussels (Choromtilus meridionalis) at different heights on the shore ,

but grester Loo values ‘were found in mussels from the lower zone. “Greater.

- ‘makimum sizes have been recordéd in suspension feeding sea anemones growing in’

the more favourable lower tidal zode (Sebens,182). The “cultured scallops from ...

Newfoundland may or may not follow this trend’ as there are uncertainties
regarding their potential longevity. It is possible that the enhanced expenditure

of energy on reproduction and growth during the early phase of the lifespan may

- have reduced the potential maximum $ize of ‘cultured scallops i.e.. rapid: early "

growth may not be compatible with long l¥fe or larger sizes. According to Calow #

(1979), results of ‘manipulative experiments\are difficult to interpret, but if &

mutation that enhances reproduction is selected for then a ‘reduction in_the
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fifespan would be expected. The scallops oceurring naturally in favourable
environments mmay have adapted to their habitat by growing at a.moderate rate
but reachifg a greater maximum ' size. ‘The theoretical ‘models presented by
Sebens (1979, 1982) suggest that maximum size may be increased by raising the
food input, and in the natural situation this- factor may at least be partially

responsible in establishing the maxlmum size that the organism may achieve in

any particular environment.

Male and female scallops from identical collction ‘sites and depths had

similar somatic growt{::s and, with afew exceptions, the same reproduchve .

output Differences or
3 and production miay -depend’ on the .species involved and .the locatlon For
example, in the mytilids Aulacomya ater .and -Choromyliliis mentiwnaha there
were no differences in growth and production between the sexes’ (Griffiths and
King,1076b; Griffiths, 1081b), but differences were observed by Sprung (1983) for
the mussel Mytxlus edulig and by Sundet and ?ée (1984) for the, Iceland sca]lop
' Chlamys islandica.

1Imtm between males and fernalés in terms of growth .~

Tempetature information for the Colinet ard St. Andrews sites and the food

availabiity data. from Colinet' revealed ‘very little différence in cavironmental

conditions with' changing. water -depth at these locations . Forgeron (1959)

reported that the water column’ in sections of the Bay of Fundy may be vertically _

 homogenous in terms of: salinity and temperaturc for most of the year due to
intense tidal mixing, . Tn areas where the vater column wis well mixed, the
particulate enefgy may b continually resuspended and evenly distributed
throughout the entire watér column. These.apparently minimal differences were
reflectéd in similar shell growth Tates for scallops within each of these two sites
regardless of depth. The greater somatic growth for the deeper population in
Colinet was the only discrepancy in the general depth trend and ‘may have been
related to local conditions, such as reduced salinity or greater density. The results
emphasize the inadequacy of shell morphiometric éstimates as groith indicators.

v
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Sunnyside and Dildo.are both Iocated it Trinity Bay and similarities in shell

| growth, somatic growth, maximum size.and total production were observed for .

scallops from comparable depths at each site. Slower growth rates, smaller
maximum sizes and much- lowér productivity were characteristic of scallops from
Terra Nova National Park (Bonavista Bey) and Colinet (St Mary's Bay)
Compared with those from Sunnyside and Dl]do, suggesting that TNNP and

c.mm were less fa [e* in growth
and production have also been .observed in -mussels (Mytilus edulis) from
locations withi short distances\f orie another (Bayne and Worrall,1080; Bayne
41,,1983; Dickie et al,1084). Temperature conditions at TNNP were similar to

_those at the Trinity Bay sites, but information on seston was not available for'the

‘former and food inay not have been as abundant as at the latter site. _ There
-appeared to be less particulate energy at the Colinet site but the cumulative day
degrees were. much greater than' those recorded in Trinity Bay. Bayne and
* Wortall (1980) have described ‘an’instance in which production is lower in a
popilation of mumxs (Mytitis, edulu) experiencing a ‘greater number of

The authors ids

cumulative day degrees thai s

the former population to be'under nutritive and temperature-stress. ‘These.

-/ findings, and. those of my study are.inconsistent with the very simplistic geheral

trend ‘of ‘increased growth with warmer temperaturés for a species within its

ecological range ‘of temperatures (Newell,1079), and there: is accumulating-

evidence. to support reexamination of this.dogia (for review see Bayne and
Newell, 1083).

- The high temperatures which scallops.from Colinet experlence may be above

tlie‘optimum for. this species in d. High water Sratures could be

for an i d. ic energy i and when toupled. with
redu(‘ed food availability may decrease growth and maximum size (Sebens 1082).
“Subsequent reproductive output may then also be reduced.

There Was considerable annual variation'in the cumulative aynual energy
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content of seston at any ‘given sample depth, but cumulative day degrees were
very similar between years. In general, no differences in age‘specific shell growth
ratés between years were expected or obsrved. This is probably due in part to
the difficulty of detecting a short term change, (i.e. over a one year period) in.

populations where some individuals are over 20 years old; using relatively

shell i ers. Dickie et al.(1984) feported no year

to year variation in shell growth in Mytilus edulis. There were however, sore

indications that the younger seallops froni shallower depths at & more favourable
_site such as Sunnyside may.be capable of shell growth spuris. under suitable:,

“conditions. * : R
The' production of somatic tissuewas ot vatiable between years and age:
specific somatic growth rates were equal in ¢ach year for a given population. The
regression equations for somatic. weight versus shell height were occasionally
different between years but the absolute differences in mean weight were tiot very

great . . Ca

Gamete production (Pr) was frequently variable - from year to year,
especially in'those scallops from the shallower depths at the more favourable sites.

Further eviderice of "greater’ variation, in ‘reproductive output thap in somatic

growth was dem d by the fon equations for scallops (10m)
from 1981-83, e.g. the somatic weight versus'shell height regressions consistently
had.r? values of'0.97 (Table A-18), whereas the prespawned gonad weight versiis
shell height régressions for the same specimens had r? values betweé 073 and

.87 (Table A-24). Annual variation in fecundity was reported by Thompson

(1977) for é in d in 1973 and 1074 and for
mossels. by Thofmpson (1976 -Griffths (19810} and -Bayne~ et al. (1083)
for scallop ion in 1082 were apparently ‘more .

l‘avourab!e than in 1981 or 1983 in some areas of Ne“foundland . The. greater

production of gametes observed in 1982 at 10m in Sunnyside was associated with . .

greater food availability in that year, compared with lower ration’ conditions and
" &
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lower productivity in 1983, The lower summer temperatures before spgwhing at

Sunnyside in 1082 may have also contributed to an increased rep ive output

by reducing the energy expenditure required by the animals for maintenance. In
addition, scallops from both 10m ‘and 31m in Sunnyside possessed. larger and
heavier eggs in 1982 than those obtained in.1983 from scallops at the samie
depths. :

 The. cnvironment which scallops’ experience in ‘Newfoundland s
unpredictable, and it may be an’appropriate reproditctive strategy to invest any
surplus energy available . into gamétes when more favourable. corditions are
encountered.. This may be advantageous in {kat it may not be possible for the
animal to support ajlarger body mass in that particular environment in

subsequent. years had the extra energy been invested in somatic growth. In 1983

the conditions at 31m in Sunnyside appeared to be more favourable in terms of

food availability than in 1982, yet a large increase in gamete production Was not
observed as these smaller more stressed scallops fror 31m may lack the capability
to divert any excess energy into gametes, as observed in the population from 10m.
There are also probable qualitative differences in ration between depths and sites
(e.g: fatty acids, amino’acids) which lay outside the scope,of this study but may

contribute to variation between populations in growth and gamete production.

When the shell heights for populations from Sunnyside, St. Andrews and
" New Jersey wére fitted to-the Von Bertalanffy growth equation, the parameters
generally followed the predicted trend of lower growth rates (k) but greater

longevity, and larger maximum sizes (Hoo) in the northern populations. Despite -

many_more camulative day degrees i New Jersey and St." Andrews than in
Newfoundland, scallops from all three had the same absolute growth rates, at
least until age eight. . This indicated that the only real difference between the
three populations was the maximum size that the scallops attained, and since the
Newfoundlsnd scallops grew larger their ielative raté ‘of. growth or k value was

reduced. This demonstrates that comparisons of k values between populations
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“with different Loo values (or vice versd) may be inappropriate and that
scomparisons of absolute growth would be better thas simply using the parameters
of the Von Bertalsoffy equation.

Kvestion fi cumulative day degrees described by Ursin (1963) was
applied to the shell growth equations for Sunnyside (10m and 31m), St. Andrews
and New Jersey. populations and the data presented as growth- per 1000 D* in
Table 41. As the relationship changes with age (Thompson, 1884a) values for
several age classes plus estimates of production per 1000.D " are also included i
the table. After jon for fe the deep water jon had faster
shell growth than the shallow water population and"both of these grew much

moré rapidly.than the more southerly St. Andréws and New Jersey populations.’
However, when total production estimates were adjusted for temperature the
. shallow population was' relatively, more productive, followed by the. 3lm
population in Sunnyside. Once sgain, estimates for the two more southerly

ms were the lowest. _Similatebservations of relatively fast shell growth

pér 1000 D* for other populations of northern bivalves has also been presented by
“Hickman (1979) and Thompson (1984a). The results of this geographical study
and conclusions presented by Thompson - (1084a) suggést that morthern
are not ily growing lowly or.are less pi ive merely

because the water s cooler, in contrast to previous studies of shell growth based
only on the parameters of the Von Bertalanfly equation. Local varistion in

conditions may greatly influence growth and production, and before® using one
fon to characterize an entire ical area it is desirable to obtu;n)

information on natural variation to detérmine if. the ion to be consi is
* typical o the area. iy -
J skl vy, ofal prodaction Wit 415 Pt e ik o food
avmiable (kJ/1000 DI T7) in 10m and 3lm at Sunnyside (Table 42) The
influence’ of‘temperature and food supply on growth and production in several

. molluscan groups has béenreviewed by Bayne and Newell (1983). Several of

)




the table are Amm and ak.

. : 1000D°.
. L B 4
) Sunnyside . St. Andrews ° New Jersey
| 10m(1451)  31im(967). 10n(2636) - © 31n(3180) Nk
B xa 1.3x107"  1.7x107% 7.9x1078 5.0x10® L B
DA -797.5 “es.7 . 1040 ' 380
Age . (mm) * . (mm) (oo) . ' (mm)
" 3 22.8 (15.7) 17.4 (18.2) 22.1 (8.7 19.9 (8.3)
5 16.8 (10.9) 12.8 (13.2) 14.7 (6.8) 14.4 (4.5)
; 7 108 (7.4) 9.1 (9.5) 9.9 (3.9) 10.4 (3.3f 1
2 4.4 (3.0) 4.1 (4.3) ! . . 3
. 8 1.4 (1.0) 1.8 (1.7) . 3
Total Production (1983) i
- % o [€3) () (D)
@ 50 -(3) 36 (37) 65 (22) 48 (5) L
N 5 124 (86) 61 (64) 98 (39) 118 @7 . e
S 7. 163 (108) 70  (73) ‘166 (61) 223 (70)
/ 12 -198 ° (137) B0 . (84) B
“1p. 184 (2D - 61 (68 .
gg ‘ .
1 .
¥ ' S .
: ‘ 4
\ ; ’ i
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. Table 4-2: Total production ekpressed per 1000 DJ 1'4/
A available food and per 1000D * for
=7 scallops from 10m and 31m-at Sunnyside.
‘The mean differences between these derived
" quantities (in percent) for the two .
populations are also included.

" Factor (£) :
Pt (kJ/yr) Temperaturé - _ Food =TxFood . - z

© | (uncorrected) . - (ki/1000D") (Pt K1/1000 DII™) - (Pt DI/2) .

Age 10m° 3im % 10m 3fm % 10m 3im % 10m 3im §
3 50 3 30 3 37 -6 6 -6 13 4. 6-24° . o i,
5124 61 b5 86 64. 26 16 9 39 11 10 8 )
7-153 70 64 106 73 31 19 1i. 43 13 11 14 oo

i2. 198 '80 60 137 84 39 25 12 50 17 13 24
18 184 61 66 127 64 50 -23 9 B9 16 10 38,

\ X=5a% X=28% - X="415 X=12%
" N . 4
2 Cumulative Cumulative ~ Interaction
D" Food(DJ/1)  Factor '.
Sunnyside. 10m 1451 8004 11.61 x 10° . : %

3m 957 6474 6.20 x 10°

these studies and other published reports too numerous to cite here have indicated -
. that. temperature and food, or both, are responsible for observed differences in
growth and production. Owing to the pml'nb.ilitytlhn these two factors interact
in this context, a factor to take this into account was caleulated by multiplying |
S cumulative dag’degrees by cumulafjfe day Joules per litre (Table 4-2). A 10m
£ ' seallop-iwas 455 moté productive (Ban one from 3im when temperature and food
: ' availability were not.taken into account, But 41% greater when corrected for food
availability snd only-sbout 28% greate] after correcting for temperature. The '
greater apparent influénce of temperatiire was simply due to a greater differential




(e temperature was L5 times greater in 10m than at 3lm bt food mul.bu.

was only 1.2 times greater) and did not indicate that it was the factor most
responsible for the observed, differences. - The small difference observed (1255)
. when both temperature and food were considered simultaneously should not be

. i d as a rigorous, i measure of the relative contributions of the

two factors to variation in production, but rather to suggest that they interact,
although it is difficult to partition the variance when'the rélationship between
them is presently unknown and likely to be variable.

4.2, Gametogemc Cycles
Less favourable conditions i in 1 the deeper water envlronments were not unly
. reflected in less somatic and gamete production for the scallops collected there,
but also influenced the rates of gamete development and maturation. Shallow

‘water scallops were ch

ized by more rapid is after spawning,
and by a greater GVF for total gametes (apart from the*periods immediately
before and after gamete release). Rapid maturation of gametes in both deep and
shallow populations in Newfoundland occurred immediately after the spring

bloom: Kautsky (1982b) described a similar rapid maturation after the spring
bloom for Mytilus - edulis in the Baltic Sea. Spawning took place at
approximately the same time ia both the deep and shallow populations of
" Pl icus in Skreslet and Brun (1960) also
reported similar. spawning’ times for shallow (20m) and ‘deep water (50m)

populations of the scallop Chiamys islandica, despite greater gonadosomatic
indices récorded for the shallow popilations.

According to Bayne and Newell (1983), certain reproductive characteristics
“of a species, .g. mean egg size, the energetic cost of producing a unit of gametes,
the ‘relationship between egg production and body size ‘and an increasing
reproductive effoyt. with increasing body size, may all remain unchanged over'a
*wide range of environmental conditions. In contrast, the timing of gametogenesis

and spawning, fecundity and maximum reproductive effort are more likely fo-vary




" in relation to environmental factors. Differehtés observed betieen. thie deep and

* shallow fons at ide appeared to be consistent for both the more

identical in both populations, although it may not be possible to generalize, since
Bayiie et al. (1978) reported smaller eggs for laboratory stressed Mytilus edulis
and Barber amd Blake (1983) observed much smaller eggs-in bay scallops
(Aequipecten [=Argopécten] “irradians) from Florida . than in those from
Massaéhisétis; Furthermore; soms-sunusl variskion:in- egg ‘sise:was observed in

Placopecten magellanicus during my study. - More variable  reproductive

" characteristics, such as -fecundity and rate’ of gamete ‘development, were

considerably reduced in scallops from deeper water, where conditions were less

favourable. However, the timing of spawning and the maximum: reproductive

reproductive effort data expressed as a-proportion of ingestion were compared,

maximum values were higher in the shallow population.

in of several bivalves

have been described for populations ‘occurring under a variety of ‘environmental
conditions or degrees of stress. For example, there may- be lower valies for gonad
indices of GVF values (Skreslet and Brun,1069; Newell et al.,1982; Rodhouse et
al,,1084) and less synehronous spawning (Lowe et al., 1082; Newell et al., 1082) for

from less envi +~Examples of dual ings and
b greater d output in ons which fence good
ditions of food availability and have also been reported (Bayne

and Worrall,1980; Rodhouse et al.,1984) and, conversely, loss of dual spawning in
a population of Mytilus edulis subjected  to natural thermal stress for two
consecutive years has been reported by Lowe et al. (1982). Nichols and Barker

(1984) presented evidence of reduced fecundities , lower gonad indices and less

¥ spawning in of the starfish Asterias rubens collécted
from an impoverished subtidal ‘site, compared with those from a nutritionally

more favourable ‘intertidal site. Vagiations in these more flexible réproductive

* conservative and the variable characteristics. For example, the mean egg size was

‘effort attsined in esch enviroument sppeared to be similar, although. when -
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* characteristics may be good. predictors of anthropogeni¢ and natural stress _
(Bayne,1083). . . ; o 2

4

Inhibition of gaméte development by low temperatures and poor rations in

the bay scallop Aequipecten (=Argopecten) irradians has besn documented-by -

Sastry (1966) -and Sastry and Blake (1871), and in Perna perna by Velez. and

Epifanio (1981), Low temperatures are unlikely to b the causé of slovier, gamete s

P in speci of from 31m’than in ‘those

from 10m, because from

identical in bothi depths in every year, but they may influence maturation because

temperatures at 10m were consistently ‘higher than at 3lm during the summer.

months, Neither i it clear whether ration influénces the rate of gametogenesis;
because in 1983 the anmial cumulative Aay joules pet litre were similar in 10m
and 31m, but the deeper scallops still lagged behind in terms of gamete
development snd maturation aad in GVF for total gaimetes.” This may be related

to the fact that a major proportion of the annual cumulative day joules per litre

to May tures viere .

for this depth’was available during two weeks of the bloom and for four weeks: ~

after the bloom, i.e. 25 to 30% of the annual ration was presented over a six week
period when temperatures were low, whereas reduced levels were observed for the

Test of the year. It may be that scallops -are sometimes exposed to very high'

concentrations of food, such that they can not take full ddvantage of the available’ .

ration. In contrast, the scallops from 10in. received less than 20% of their anmial
budget during the same six weeks and occasionally experienced periods. of

relatively high ‘food concentrations’ during late” summer and autumn, when

temperatures were warm, ‘i.e. their annual food budget was more evenly spread’

over the entire year rather than concentrated into.one short period: -

Gamets volume fraction values.for total gametés were significantly greater
for males than females, except imiiediately before and after spawring, in.both the
shallow: snd deep water scallops. ‘More rapid, rates of gamete developient for
males i several species of bivalves have also'been reporied by Seed (1976), Neweil




3 and Bayne (1980), Newell et al. {1982) and Sundet and Lee (1984). Sundet and

Lee (1984) also recorded ‘seasonal differences in gonad wet weights with higher
« values for males, which they attributed to an apparently different energetic cost
of producing sperm and eggs. . There were no consistent indications of
significantly heavier male gonads in this study on Placopecten magéllanicus, snd

_-Shafee and Lucas (1080) found no signifiexnt differénces in somatic of gonad dry

weights between male and female Chlamys Saria.
ot ;

Distinet differences were observed in the andual eycle of gm.:e!ogansis and
the tlmmg of spnwnmg between th New Jersey and Sunnyside. populations.
Genenl trends of earlier seasonal spnwmng in more soitherly myullhapulntmns
Bave: baen presented by Sged (me), but' in other- bivalves, ¢g. the bhy scallop
Af]bﬂttl"l |rrad|am, spalning may be- later in more muther‘ly latitudes
(Sastry,1070; Barber and Blake,1083). Scallops from Newlousdland speyned fn
late August of early, September, whereas the New Jersey populaiion spavned,
" during early to mid-October which seems consistent with the trend in the bay
seallop, but if the partial spawning in the New Jersey population fs taken fnto
consideration the pattern becomes less scm;hgxorward. A review of spawning
periods for Placopecten’ magellanicus (MacKenzie,1970) has ‘revealed 2 complex
situation which canmot be interpréted in terms of temperature -alone. - For

example, scallops from North Carolina and Virginia spawn'in July, northern . .

seallop populations spparently spawn between Jun to September and those from
Georges Bank spawn between September and October. While water temperature
has be- well correlnted with reproductive cycles and has often been considered to
be the mn;ur rmm in their control, recent, thorough smdnu have emphasized the
lmpona.nce of local conditions. Thus Newell et al. (1082) 'demohslul.ed that. the
gunten’ difference in reproducuve cycles of Mytilus edulis rmm ]zmudma!ly
sparated populations on the esst const of the U.S. was between two populations

on Long Island, N.Y.,- which experlence “near identical lampemnre cycles but

dnﬂenng regimes or food availability. - - = -
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4.3. Physiological Measurements

Glearance rates.and oxygen consumption rates were determined for both

shallow and deep water ions at their respective ambient to.

gain insight into energy acquisition and expenditure’ by the scallops. Observed

", differences may not be directly comparable except during the mon(ll; ‘when

ambient temperatures were similar. Water  temperatures were the same during
January to April/May and mo differences were observed in VO, between
populations, but clearance fates were generally higher in the:3lm population.
Water temperaures were higher between May- and ‘November and sigificantly

hxgher metabolic ftes were recorded for the 10m scallops, yet dsplbe the lower _
' temperatures clearance rates for the 31m scallops' were ‘at least equal to or gl:eater
" than those of the 10m scallops. The GVF for total gametes was highef in thé 10m

scallops, except immediately before and after spawning.

Correlations between oxygen consnfnptim; and qmewgenié cycles in
bivalves may be & function of the specific enviroomental conditions in which the
animals_occur. For example, . Thompson (1984b) found mo clear. felationship
between VO, and the gamétogenic cycle for Mytilus edulis in Newfoundland,
whereas Widdows and Bayne (1971) and Gabbott and Bayne (1973 recorded high
VO, values for the ‘same species subjected to low winter temperatures in the
North Sea’and sttributed this to the cost-of gametogeaesis. Positive correlations’
between gametogenie activity and VO, for M. edulis and Cardium edule were
reported by Bayne sad Widdows (678) ,aid Newdll snd Bayne (1080)

‘The relationships between eivi 1 and physiological vriables

in this study have been presented as a correlation matrix in Table 4-3. The lack
of relationship between VO, and GVF in this study was similar to the results of
Thompson's (1984b) study on M. edulis from Newfoundland. .

Oxygen, consumption was strongly correlated with temperature in Mytilus

. edulis (Thompson,1984b), in three popullllons of Scrobicularia plana (Worrall et

al, 1083) and in the 10m F lati i in “this

G
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Table 43: Matrix of Spearman correlation
-, -, coefficienits for envi 1 and physiol

' - vatiables where SWT is the somatic weight of &

: standard 140 mm scallop.- *

\ v
L
4 -
“Foop ‘cr GVF SWT | TEMP
-] : . 5
’ FOOD - ' = .0.321.. 0.689% 0.710% .-0.253 . 0.2i2 .
R - 0.8794+  -0.131 - ~0.148 - 0.970w+x : :
Vo, U 0.284 ' -0.241; 0.806%+ p PO |
; ) GVF " 5 C .- ©-0.284 =0.230 e
mE SWT . R CLoes . -0.001
N 3t 72 _—
. ' i . . : i
FOOD - 9.683% 0.643+ 0.476  -0.571° 0.192 i
CeR, | - 0.922%%% *'-0.036 -0.192 0.657+ ‘4
Vo, o e " 0.092 - -0.262 - 0.383 ]
CGF . - -0.610+ -0.371 3
ST : . - 0.012
. TEP N g -

study: /Thére:wasojecirelation; however, between VO, and temperature in the
31m population or for & population of Mitilus edulis in & Devon estuary (Bayse
and. Widdows,1978), and Newell and Bayne (1080) recorded similar: findings in
Cardium édule, which they attributed to the cockle's ability 16 acclimate “ &
metabolic rate to temperature changes. Vahl (1978) found that temperature

‘thanges did not greatly influence the scasonal metabolic rates of Chlamys -
islandica, but that a major portion of the seasonal variability was explained by :
food availability. Food availability was also positively cdrrelated With VO, for

both seallop populations in this study, and was almost significant.for a population

of M..edulis from Newfoundland ‘(Thompson, 1984b). Food availability was also.




" demands on the somatit tissue:

187 : *

well correlated with GVF i one popuhnon (10m) snd CR in the other (axm)

g2 hip, although not
levels, clearance rates and the increasing energy demands of gametogenesis.

4
Clearanee nus were positively correlated wilh temperature aad VO, in

both populations-- sugosung that the scallops increase their feeding rates in
response to enhanced metabolic upendmnre associated  with warmer ambient

N umpmture However, no.seasonal patterns of CR were observed for Myl;lna

edulu lmm Newfonndland (Tlxompson, 1684b).  The mean monthly somatic”

N
,we:ght of a standard slzed.mmﬂ was not correlated with any other vsusble,
" excepting”a megative relationship between somatic weight and GVF in the 31m" R

population oily. ‘This suggested that as gametogebisis “proceeded body weight
generally declined, and that after spawning the somatic Weight incréased .again,
i.e..in the more stressed population gametogenesis may have been making

No.seasonal variation in‘v the exponent of the allometric ‘equation _re]nu"ng A
clearance rates or VO; to dry weight was ‘observed for :either pdpulation in this
study, although there Were significant differeaces in intercepts. The common
slope value of 0.70 for the clearance rate of Placopecten magellanicus is well
within the range ‘described for other pectinids, e.g. 080 for Chlanys islandica
(Vabl, unpublished, cited in Bayne'and Newell,1883), 058 for Argopecten
irradions (Kirby-Smith,1972) and 082 for Pecten irradians (Chipman and
Hopkins,1954).  The common slope of 0.89 for oxygen consumption ma;
comparable to the.value of 0.81 rewrded for Pah}wpecben wmcmu (Fuji and
Hashizume,1974) ‘and the range of 075 fn 0.93 recordad for C. islandica
(Vahl 1078).

Despite great seasonal fluctuations in the energy content of the seston from-

" all water depths, the range of total particulates was consistently between five snd

10 mg I except during the bloom, when levels up to 16 mg I'" were recorded.

.The organic content was consistently between 15 and 30% -of. the total

p ly clear, between enhnced food
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and no of

this study. * Thompson (unpubl.) has rarely observed pseudofaeces production in
Placopetten magellanicus or Mytilus edulis feeding on natural ‘particulates in

" Newloundland, ind similar results have been reported for Cardium edule (Newell

and Bayne,1980),

The production of pseudofaeces in bivalves is apparently not only related to

the concentration: of suspended material but “also: to its nature (Foster-

"' Smith1975). For example, Widdows™ ‘et al.. (1978) reported * pseudofacces
| prodution in Mytilus edulia at rélatively low concentrations (<- five mgI") and " -

considered ‘thatlarge amounts of silt (75-05% of -the total seston) in the-total
‘seston were diliting the food supply, ss. some algal material presint was. being
removed with the pseudofacces, resulting in a reduced ingestion of organic
materisl. Widdows et al. {1670) found no evidence of preferential selection of
organic' over inoiganic particles,’. but Newell and Jordan (1983) observed

preferential ingestion. of organics and” rejection of inorganic’ material as
. pseudofacces in Crassostrea virginica fed on.artificial and Hatural diets with

particilate loads less than' five ‘mg I'. Preferential selection (Kiorboe and-

M £,1981) and the ‘enh of absorption efficiencies as a result of

‘adding suspended bottom material (Mohlenberg and Kiorboe,1981) to artificial *

diets have ‘also been described for bivalves. According to Newell and Jordan
(1983), unless *pseudofaeces production and. preferential selection can be

.+ demonstrated at naturally low seston levels the significance of such a'mechanism
* . may not be ecologically mezmingfnljnbinsbn et al. (1084), working with the surf
similar- results to those of Widdows et al. -

. (nm) oh Mytilus edulis i.e., as turbidity increased there was an increase in the

amoint of algae in the pseudofaeces and a subsequent decrease in ingested ration.

The levels reported by Robinson et al. (1984) were admittedly higher than those _

d naturally by S. g except near major anthropogenic inputs.

by seallops was observed during

t
i
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4.4: Reproductive Effort, Value and Cost

. One major cornerstone of modern life history.theory is the assumption that

current reproduction Wil have.a deleterious effect on future Feproduction. ‘This is

related to the concept. that -food .resources are always limiting and -enhanced

investment in any one. process must reduce the allotment of energy for others, i.e.-
‘there is & tradeoff between mefabolic’ processes of reproduction and gmwniﬂ

resultirigin reduced fecupdity, survival and fitness (Calow,1084). Without a clear
eost function ‘related to réproduction, selection would favour maximization of "
xepmducuon and survival rathei than optxmnzanon ol‘ reproductive effort ‘and

reproducuve valie ns predicted by theory (Bell, maqa) L

'The underlying. tenets of the so-calléd - "optimization theory* have been
challenged by Tuomi et sl. (1983), who have also provided alternative. concepts.
for selection and reproductive cost.- Tuomi et al. (1983) suggested that selection

bk e ifliscrcig thiewhole: o gattasathier tHad sepaite trait; and ShHikeRIS

may ‘not necessarily be optimized but instead be a result of the ‘elimination of

unfit ch istics. Ry ction may ot necessarily result in a cost function

becatise increases'in energy may result’froi more efficient conversion of available

resouices of simply by increasing Tation, which may uncouple somatic costs from
the influence of reproducmn (Tuomi et al,,1683).. Bell (1984a) reevaluated the
evidence relating o the cost hxpothesis and concluded that it had relatively weak
émpirical support; I 4 series of" experiments by Bell'(1983,1984a.b), the
relationshif between present reproduction and future repmducnon indicated s
pasitive. trend rather than negaiive, from which he concluded that furiher

igorous esting should be undertaken, especially when eonsidering the possible

effects of variable egg.size on survival: The lack of data for components of the

theory such as r effort or residual reproductive value
may be due to our lack of ability .to measure them accurately rather than a

deficiency'of the theory itself (Thompson,1084a). .

‘An understanding of how phenotypic properties vary in relation" to factors
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such as age, developmeit- and physiological condition is necessary before the

-overall consequences-$f 2 particular reproduétive pattern to the organismmay be

evaluated (Bayne,1084; Stearns,1084).. Stearns (1984) emphasized caution when
mlerpretmg predncuom that are realized under certain circumstances, ‘as. they
may not necessanly hold true for a vsnety of conditions. A consxderablc body of

Jiterature is rapidly accumulating on reproductive pattéms in marine bivalves,

especially Mytilus edulis, in which fecundity and reproductive effort have been

shown: to vary in respomsé to changing environmental conditions (Bayne et

21,1083).. Bayne (1984) ‘demonstrated that small faussels have advantages in

* energy acquisition and expenditure up to'an "optimal* size that may enable them

to reproduce without diverting ensrex away from somatic growth, i.. there is no’

cost component. in’the” small indlviduals. Above this optimun size, however; a
cost function results and reproduction takes place at the expense of somatic

growth. . Hawkis (1983) and Shafee and Lucas (1980) both describe dual

spawning cycles composed of oné major spawning period fueled by energy -

. reserves, high RE and reckless behaviour and a secondary restrained spawning

periud' for M. edulis iand Chlamys varia, respectively.  If this situation is
generally applicable then the asscciated risk of this reckless. spawning period to.

the adult may be justified-if_ the period of growth and development of.the larva *

Vo

ds to favourable

good growth conditions associated with the summer moths (Béyne,1684): -This
cost, related to high reproductive: effort, may be: beneficial tu the )’oung and
positively correlated with fitness by achmvmv 2 good return for a’well timed

investment.

The proportion of energy allocated to reproduction (RE), expressed as'a
proportion of total production and ‘as a ratio of ingested ‘ration, increased as
‘Placopecten magellanicus.grew larger and older and eventually exceeded 1009% of

net production, dué.to somatic degrowth, Comparative estimatés of fecundity or -

reproductive effort.for various. ions‘of P. icus are ilable as

most of . the " eco]ogcal energems and life history theory in bivalves is mamly

such as the spring bloom and
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confined to Mytilus edulis” and to Chlamys spp.. Increasing RE with size and

age has been Teported for several bivalve species including Mytilus edulis (Bayne
and Worrall,1980; Kautsky, 1982b; Bayne et al,1083; Thompson, 1984z) and two
species of pectinids, Chlamys islandica (Vahl1081a) and Chlamys. varia (Shnlee
and Lucss,1082). 'Vabl (1981b) reported that growth is probably negative in
scallops greater-than 20 years of age, and degrowth in freshwater triclads has also
been reported (Calow,1079). Increasing RE 4ith -age séexi in ‘this study -was

consistent with predictions by Charlesvorth and Leon (1976) that RE should b
an ] increumg Tunction of age fof ‘species with ]nw mortality in the repmductwe -

‘pennd md where growth contmnes after maturanon

Age specifc RE was consitently higher in the Sumyside 10m
compared with deeper populations from the ‘same site sd with Colinet
populations, which have apparently. been subjected to a more seve.re degree of
environmental stress. In order to assess the consequences of a particular level of
offort it is mecessafy to quantify the availsble food sourse (Haukioja and
Hakala,1078; Hirshfield,1980) ‘in- addition to the dctual ingested. ration
(Calow,1679).  When these factais were considered; the shallow populations stl
- had highet RE a5 a proportion of ingested ration and a greater effort when food
availability was similar than had the decper populations. Lower RE ssociatt!
with-higher stréss levels were also observed in Mytilus edulis populations (Bayne
e al.,1083). After standardization fof shell growth rate, higher levels of RE were

still ristic of p Jati iencing more conditions (Baync

et al,,1983), and the same resulc was observed in this study after standudlzmon

for body weight. The Datural stress asscciated with wave action and competition

also reduced RE for 4 starfish pup\llauon in a relatively barsh environment, but

was réversible ‘when the pupulmon wes' transplanted to a more favourable:
environment (Menge,1974). ‘Al these results are consistent with predictions'by
* Goodman (1979) that RE-should ineresse -under mare favourable conditions.

Nevertheless, inconsistencies have been teported in & number of species subjected

. to. experimental- conditions of stress such as reduced ration (Calow and
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Woollhead, 1677, Bayne et al. i078; Hirshfield, 1980; Thompson,1983) where RE
actually increased at the expense of somatic growth, despite reduced fecundity
. demonstrated in some of the studies. The ‘apparent discrepancies may be
“explained by *the nature of the experimental regimes, which usually represent
abrupt, unpredictable changes in conditions that may not elicit tlie sime response
ffom thé animal. as,-a consistently poor environment, in which there is the

o opportunity for long term adaptation to occur® (Thompson,1984a p. 255). -

L Greater values for sge specific RE. were chatactefistic of cultuted scallops,, /-
.=’ which is again consisteit. with theory, as the condmons associated with suspendad )
Lculture were sssumied :to bé more favourable due to faster powth add, grester
production by the animals. The conditions for suspended Mytilus edulis have
been shown to be supefio to thosé in their natural habitat (Rodhouse el al.,1084).

.+ After standardization for the more rapid growth' of cultured,scallops, and by
presenting RE yalues lor each age class expressed s a- proportion-of expecied
lifespan, higher values were observed for ‘the naturally ‘grown scallops.  This
second stirmate indicated that the natirally grown seallops' switdied the emphasis

* “from soniatic'growth to reproductive output (ie. RE>509) at the same age as.
cultured snimals, but st 'an etlier stage velative to longevity. It is difficult to
“establish whether or not there sré consequences resulting from delay in switching

.7 ltom"growth to reproduction in'the cultured scallops, s the reproductive patteris

observed under the of ded culture have. been

establisted over 3 short period and may. not be ‘genérally applicable to" future.

Theoretical implicati of particular strategies on the
longevity of a species are of little interest to commercial en]tunsls, who are
pnmanly concerned with total ylelds and growth rates. According to this study
ihe cultured seallops should each marketable size in approximately three years,

" tompared with the four or five years required for natural populations, depending -

" on local conditions. The cornmercial culture of scallops would be more efficient if.
markets exlsted for sclllop gonads as in Japan (Ventxlh 1982), especially

B " considering the much greater age specn( e total production of the' cultured scallops”

and the fact that !.he gonad miay,comprise > 50% of total wet weight.
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The age specific RE valuies and the relative effort for seallops of standard
weight were both higher in the New Jersey. population compared with those
scilllops colleeted fFom St. Andrews and Sunnyside. Thisis attributable to greater
reproductive output; lower somatic production at given age and the fact that New

Jersey scallops of given weight aré physidlogically older than a scallop with the

same absolute age from a northern population. For example, an eight year old in

New Jersey may only live two more years whereas a scallop of the same age in

 Sunnyside may live for another 12 years or'more: *No latitudinal trends were
ipparent; and between population comparisons of RE differed according to which
‘of ‘the two indices was used, slthough the St. Andrews popilation consistently

shiowed the lowest values for RE for both indices, and bigher values were observed
i the Suinyside -population’ when Jongevily was. taken into account. The
telatively ealy switch from soriatic growth to gamete production and the higher
level of ‘RE in Sunnyside scallops may be functions of the much cooler

lower ities and high bility that the scallops will
ultimately attain the maximum size ,ie. early emphasis on " reproduction will not, .
necessarily be reflected in & reduction it maximum size.

Variability in estimates of fecundity obtained for populations ssmpled in
different years does mot mecessarily mean that reproductive effort changed,

dered

slthough. ‘the two quantities are often mi i yhony

(Thompson,1978). ~ In - studies on species from fluctuating, unpredictable
environments it is necessary to consider the possil

ity that the organism has the

pattern i or

potential to vary its s
may result (Nichols,1076). In addition to variable reproductive effort between

from different envi anual varistion' in RE for the same
population in different years was also recorded for some populations in this study
of Placopecten magellanicus and. for other bivalve species (Haukioja and

_ Hakala,1078; ‘Shafee and Lucss,1982 Bayne et al, 1983).. When annual

differences in RE were observed i this study they were usually greatest in 1082
when available ration-was better; at least for the shallow Sunnyside populations,

TRy Ty
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However, improved conditions of food supply are mot ne::asni}y reflected in
significantly higher fecundity or RE, as evidenced by the 31m population from
Sunnyside in 1983 compared with 1882. The extra‘energy available in 1982 for
the shallow population was all invested in gametes; as no annual differences in
somatic' growth were observed. According to Spight and Emlen (1976), this
unconstrained type of reproductive strategy or ability is advantageous because it
is ot neseisary to grow in order to increase reproddctive output.” There are also
ndvnnta;es to devntmg more energy into repmdnchon dnnn; good, years because
this “will prunm:bly place less demand on somatic grmh and maintenance
(Bnllmger 1977)

Reproductive value and resxdun.l reproducnve vnlne were mnch higher in
scallops from shallow water than in those “from deep water. Steadily increasing
reproductive values ,and residual reproductive values. which increased to a
‘maximum before declining with advancing age were observed in this study and in
other bivalves by Vahl (1081a);*Bayne et al. (1883) and. T'Immpson (1884a). Brody
et al. (1083) have emphasized that i in growth also contributes to RRV
as a result of increased fecundity, and Haukioja and Hakala (1978) and Tuomi et
sl. (1983) consider that it is impossible to determine the contribution of somatic
growth to reproduction in species where fecundity is well correlated with:size.
Identical age-specific mortality rateS were used to caleulate RRV for both the
deep and shallow water populations, despite the possibility that faster growing
populations may have greater mortality (Craig and Kipling,1083). The mortality
estimates obtained in this study were considered superior to’ those previously

obtained for sublittoral species such as scallops. This is because mortality was
directly .monitored in this study, providing age specific rates rather than a single
population value obtained from such indirect means as dredging or size frequency..”

. distributions. Dickie. et al. (1084) luded that whereas envi I factors

at different locations- influenced. growth of Mytilus edulis, a phenomenon
observed in this study ‘for Placopecten magellanicus, mortality patterns were
influenced more by the genetic component of the stock. The deep and' shallow
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water populations of P. magellanicus from. this study are.only separated by
100m-150 m, and it seems unlikely that a species such as° this, . with 2
planktotrophic: larval stage and some mobility in “the years following

h along a small vertical gradieat.” On the
other hand the faster rate of growth may be sdvantageous in re

would diverge

cing mortality
by enabling P. magellanicus to attsin .a threshold size, rendering them less
susceptible to predation (Elner and Jamieson,1979; Jamieson et al,1982), o to
withstand better unpredictable periods of ‘stress for longer periods if and when
such conditions occur in the shallow environment. Paine:(1976) and Seed and

Brown (1978) heve presented cvidence that,_growth may provide a'rheans of
escaping predation for Mylilus  califoriianus w1d Modiolus. modiolus,
respectively. Owing to the much lower fecundity of the deeper populations, -
similar RRY values to those of the shallow populations could o)y be achieved if
scallops from 31m lived much longer or_had much lower mortalities than those, .
from 10m. Therefore the difference between these two. populations is real.(ie.
not an artifact of mortality rates) but the mignitude of the difference may be
variable.

According to predictions of the optimization theory presented by Goodman
'(1982), the ma.xim‘um value of RRV should correspond approximately to the age
of maximum growth. The results of this study and those-for Myhlua edulis’by
Bayne et al. (1983) and Thompson (1984a) were consistent with theory, although

. Vahl (1981a) described a different relationship in Chlamys islandica. Maximum

growth in the Icelandic scallop occurred at age six 1Vnhl,1951b) but’ maximum
"RRV was observed at age 13(Vahl,1981a), which corresponded with the age at
which seasonal degrowth was first recorded (Vah]ﬁslb) Like Guhmdtca, P
magellanicus also had' a longevmy of 20+ years, with maximum gmwt.h rate near
age six, but its maximum RRV occurred much earlier, at approximately four
years. Nothing is known about seasonal degrowth in P. magellanicus from this
study, but annual degrowth (by which the somatic tissue shrioks at the end of the

year g‘nq does not appear to regain the somatic-quergy) was not observed until age
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16 or 17. When thé ages at which maximum growth snd. maximum RRY oceur in
these species of bivalves were expressed as a proporton,of the expected Lifespan,.

some interesting trends emerged. For example, the maximum growth rates for

 ‘mytilids ranging in age from'eight to 12 yéars took place at sbout four to six

I

years, roughly the half way point in the e span (Bayne and Worrall1o8D;
Thompson, 1084s), Whereas maximum Pg for pectinids living more ‘than 20 yeirs
was also around age six (Vahl,1081b); whicl cirresponds approximately to 30% of
lfe span. Maxifnum RRV' for the -Newfoundland  popilations (Thompson, 1984; -
and this ‘study) were at ages roughly corresponding to 33%. and 20% of the:
lfespsh respectvely, but the maximun RRV values for musss (Bayne’ et o,
1683) 'snd Iocandié scallops (Vahl10810) ‘from other . geographical _ aress
corresponded to ages representing approximately 50% and 65% of the liféspan
respectively. These differences may be atibutable in part to the U-shaped

mortality curves used in the Newfoundland studies and the constant rates of

mortality used in the other two'studies. ¢
. 7
Increasing RE with age vias reflected in a correspondihig increase in the cost
index. ‘The shallow population displayed i production and

consistently bigher RE regardless of the food = availability and consequently
displayed higher indices of cost. Positive values for ‘cdst were not observed for the
)

1l foundland

from N

deep population and in-general Pl

-may be considered restrained in terms of reproductive strategy. Similar

conclusions, namely that reproductive behaviour in bivalves is generally restrained

bit miay be reckless under cettain conditions, have been presented by Shafee ind

Lucas (1980), Bayne et al. (1883), Hawkins (1983) and Thompson (1984a): Despite -

the restrained behaviour of the giant. scallop suggested by the index of -

“reproductive cost, real costs aré noticesble in scallop populations- from almost

every site in Nowfoundland. For example, somatic tisue weight declined after

.age 16 or 17 bit reproduction still- ded bly at the expense of the

soma. This |s consistent with Bayne’s (1984) concept that a cost l‘uncuon mxy

*only existin blvllves an’;r an optimurm size is surpassed. i




The shallow populations, unlike the deep populations, grew under more
favourable environments] conditions but were also ableto maximize better their
energy gain from feeding, a capablhty which may be considered a goad mn:ss ¥
correlate (Calow,198 )) As an animal’s fitness may be evaluated by the number
of surviving offspring produced. during ils lifetime (Hirshfield,1080), the shallow
itness. The problem of interpreting
egg sizé and snmvul raised by Bell (1983), is ot really Bpphcable in this study

beeause the hursh matural conditions assoeisted vith the deeper waie

water scallop populations have mich greater.

envnrgnment resulted in Iowqr lecundmes but not smaller eggs. Thus the, eggs
from both depths would presumably have equal chmcs of survival and' the
shiallow ‘populations are‘.more fit by - virtue of  their. "greater fecundity.

Futhermore, a reduction in fitness from the optimum may occur when the:

Y that the animal possesses are not

eompletely efficient under poor conditions, resulting in less available energy
(Bayne,1083). - | o - :

45. Conclusions % P ' -

1..Shallow water envi were more for growth and

reproduction of scallops, than . deep water- locations, owing- to the
2 huon £

grester food availability and more cumulative day degrees in(he’

; former. % . . I Y. P

2. Varisble lotal conditions also influcnced scallop growth and -
production  estimates, as lnlge differences were abserved between 4

pnpulauons collected from fmu- d)ﬂ‘erenz bays in Newfoundland.

3. Shell .growth was the lesst sensitive predictor of environmental

conditionsas relatively small differendes or no differences at all were %
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observed between populations at various locations. Somatie weight
was more sensitive.to environmental factors, and there were ruch
greater inter-population differences in somatic weight than in ‘shell

height, zlthough neither quantity varied from year to year.-

4. Reproductive output varied not only between populations from

different areas but also between consecutive years in a -given

population, This suggested that gamete production was strongly

infl d by envi ditions and that annual variation in

“total production estimates for N dland ‘scallops was primarily
& L % N " 5
due to variation in fecundity.

mtum\on l.ud upmdncuve effort were redu:ed under less fnnnnhle

T ummnmenul conditions. The mmng “of spawning for pupul.nmns in

sppeared usatloctsd by stressful conditions, but there

were differences on a geographical scale. The influence dh-temperature *

and food on egg size was somewhat(more zomylex. he strong.

4nfluence of local conditi prohibits thy

f general
geogra)ihical trends based on lingl_;.ineuure

spawning or temperature cycles. ¢

6. Evidence from the. pliysiological studies indicated that the greater
. 'powth, reproductive output and resulting improved fitness of the

. Other nproductive traits such as t.he me of gamhle dcvzlopment OF-

;ungu's time of 5

B

oA Aot LA
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shallower population was reflected in an®elevated metabolic demand
and relatively higher estimates of reproductive cost, compared with
the deep water populatiéns, despite the overall conclusion that

I 1 from

was  generally

d in its ductive behaviour. Physiological variables such

as CR ‘and VO, varied seasonally in relation to ambient. temperature

and food conditions, all of which appeared to_be, interrelated in a

complex fashion' with the energetic demands of gametogenesis.

7. Comparisons of absolute growth rates and production estimates
suggest that northern populations of bivalves may. not be -slower
. growing “or less productive than' comparable species from more

southerly locations. Again, the importance of local conditions cannot

be , and ‘the Newfoundland populations of Pl

magellanicus investigated in this study may not be typical of ‘other
e 4 6
. northern areas, owing to thé dominant influence on the east coast of

i, Newlpupdlnd of the cold but nutrient tich Labrador Current.
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A.LR i ions and i 'A e o

Table A-1; = Parameters and statistics for regressions of
clearance and metabolic rates against dry tissue
weight, after logarithmic transformation of both

variates. F values are significant to it least
“ P<.001 unless otherwise noted where

. *=P<.05 and **=P<.01.
5 |
CLEARANCE . ' % 4
10n loga b n F ]
July 0.2t 076 32 o0.88 141
Septenber 042 .080 19  0.88 . - 126
Novenber -0.05 " 068 20 0.91 188
31n « % i
July 068 17  0.91 187 - ’
September 070 20  0.85 100 j E
Novenber 068 21 _0.81° B
0, Consumption .
10m i 5 ¥ ]
July -0.3  0.70 22 0.89 168 - d 7
September * -0.47 0,78 19 0.92 | 191 ' ) N
November. -0.88. 0.88 20 0.94 28
L 3 o s ;! )
July . 076, 17 0.90 . 132 N
Septenber L0798 20  0.80., T3 ! o
~November

0.03 21 0.96 464




by Hh = ?
55 I =k W
10 146.8 5.7 -0.64 0.03 272 0.97 2929
20m 141.7 6.3 -0.63 0.03 256 0.97 3050
N . 3a 127.3 5.1 -0.484 002 243 0.97 2673
DB
10 146.3 5.2 -0.63 0.05 121 0.97 1306
20m  140.9 5.2 -0.67 0.03 148 0.96 1244
3m 120.7 3.8 -0.58 0.06 137 0.97 1442
= g
102 143.2° 4.9 -0.68 0.04 ~114 0.90 328
2= 133.86 3.6 -0.562 _ 0.04 12 0.9¢ 618
3 12214 38 -0.37 0.03 9% 0792 388
st. A )
10m 108.6 13.3 -1.33 0.02 83 0.96 660
3im  106.9 13.6 -1.20 -0.02 73 0.98 1094
76a  108.56 12.5 -1.200 - 0.01 58 0.97 &00
c N .
+ -6a 130.8 4.7 -0.56 0.04 280 .0.96 2400
i6m  132.7 6.4 -0.68 0.03 207 0.96 1765
sC i0m 102.9 8.3 -2.38 0.50 200 0.89 ‘514
LA 31a 97.56 156 -1.28 -0.24 137 0.95 918
10m 91.6 13.8, -1.27 0.06 B84 '0.98 1226

R 1/ 8

Table A-2: - Parameters and siatistics for shell height
versus age fitted to polynomial equations.
Abbreviations for sites are in Figure 2-1.

Site Dep(m)
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i y = 3
Table A-3: Summary of t values for comparisons “ -
. of shell height versus age fitted 7
to polynomial equations. ) . &
Swmyside . Dildo - TNNP  St. jadrews Colinet
" o :
Dep (m) . SR
3 100+20m : (10n+76m) (6n+16m)
. By 6611+ 44SHsr  B.9Av 152 . 2.57% b p
% By 1.51 0.22° 3.37+++ 0.92 . 2.31% ' '
. 8, 0.14 1.48 2.37 0.7 - 0.88
. B, 0.680 228, ~.0:06 0.44 - 1.73 .
2oe3tm : . (31a+76m) ) ] !
By 18.51s4s 11,8744 11.06¢++  0.34 ° i
By, 0.74 4.60¢%  0.11  1.23 |
2 B, 5.3 020 3140 0.02 % 1
R B, 0.98 2.15 137 0.30 ¢ y N b
' tom+31m ' - = *
T B, 22.57w+  15.26%«% 19.06++s 1.00 . -
B 2.28 -4.14 3.204+ 036 v °
By - Biddms 125 4.81400 0.67 v aag
B e L0.21 1.3 ° 0.60 . L .
o g
Ir' .~ . 0
’ ' . Lok 1
- I , & 3 :
. . \ : ' . p 1
v / -~ ] : 47 5
v 3 . % + . .
’ . ¥ L . - ey 3
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Table A-4:  Summary of comparisons of the Von Bertalanffy
parameters, NS = nonsignificant P<0.05

Dep (m)
10m+20m

Hoo.
k

20m+31m
Hoo

Sunnyside  Dilde  TNNP  St. Andrews Colimet

/

“m.

(10m+76m) " (62+16m)

(31m+76m)
NS
N§
‘NS
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Table A-5: éummary of ¢ values for comparisons of
shell weight versus shell height.

“Dep (m)

Sunnyside Dildo . TNNP St. Andrews Colinet ;
; C /-
 10m+20m , (10n+76n) - (Em+16m)
a 4.10u  3.08ex > 048 - .
b 442t 073 3.17% 2.31 4.3541
T 20me3tn (31n+76m)
a2 4.420 - 10. 15444 - / " 5
b 0.08 2.72¢%  0.68. . B.00%#+ \
10m+3in \‘ :
A B.63ws  7.01%%x 11 36 - '
- b 1.0t 1.91 2.29. 2.954%
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Table A»—ox Summary of { values for comparisons of

3 somatic weight versus age fitted to - -
polynomial equtions.
Dep (m) E g
N _ Sumnyside Dildo  TNNP St. Andrews Coliiet =~ . B
i 102+20m . (10m+762) - (6n+16m) 4 N
B, B.20%s+ 1275w+ 12.00%s+ 0.14  '8.48%+ ) ‘
By 3.16%+ - 9.56%ws T7.92¢ss ©1.96 ' 5.06% i
B, 0.68 3.32%%  2.34 2.41  4.83 .
; " By 0.3 - - - - g ¥ gud®
4y % i S
| g ) :
20m+31n B . (31m+76m) - ! ’
Bo 12.69%4s - 1218745 10.774s+ 1.16 ="
B, 5.334s  B.96ess  3.45 1.89 : ' L
8, 2.32 2.07 2.64% - 1.57
Ay 0.90 - e Y o
’ me31m [ . :
By 20.084ss  24.64s%s 223645+ 7. R .
By B.77%4s  17.86%w% 10.36ess 0.03 " T . -
B, 2.98%  5.08 4.664s 105 - :
By 0.59 .- B . o 5 . <
5 S .
: )
5 ) . $ LV
! = .. S
& & w N
. ] J
A .
. : §
o 3

-




Dep@
1981
10m+20m
a
b

20m+31m
a
-~k

' 10m+3im

a
b

- 1982

)

- 10m+20m

a
b

20m+31m
a
x b

Table A-7:  Summary of ¢ values for comparisons of
i " somatic weight versus shell height.
. e .

“tom+3tm .

a
b

,Sumyside  ‘Dilde
5.4Beak . 5.83eek
1.10 0.88
9.1644% 47604k
i.46 0.96
14.274005  9.00%xk

.0.38 1.60
\
181 4.3300n
.68 0.5t
- 5.07+4+
2.66%% 0.07
- " g.330e
3.084% ° 0.72,
e
R ,
»
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¥ 4 .
NP . Colinet
Lo23e -
(6m+16m)
3.99%%%. 3.45%4%
0.45 190
'2.82p
, 1.8 -
5.9944+ 3
0.90
.
4('
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© Dep

Lav¢

' Sumyside Dildo

1983.

-, 10m+20a .

a
Ah.

-y .. 20mf3im
a
b

a
b

10m+31n

r

24104 1.14
1,03 0.41
{ cr
i 5
44’58”‘ T. 1425
2:28  0.65
- 9.03%4x
4.53s4% 0.24
| 2
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Summary of t values for comparisons of
somatic weight versus shell height.

TRNP St. Andrews Colinet

o7 (1ow+76m)  (6ue16m)

.5.16%%* 5.27%%% 0.69

0.27 1.43 0.90
(31m+76m)

.88 , 3.24mx

0.08 0.28
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! LIS . - 4 - N
B ‘able A-9: Summary of t values for comparisons of shell ~ * T3
" height versus-age fitted to polynomial equations -
. - e - .
s dp@ % : . L.
: : Sunnyeide+Dildo.  Dildo+TNNP  SunnysidesTNNP \
* inay 24 ; g
. dom - & 0 Fal 4 i k
ooy 1.37 - 173 3.480sx ! E .
B . .1.63 " 0.6 . 2.4 . Y
A, 01 " 0,66 T o.67 3 ; :
. by 1.83 049, 009 3 5 -
"By 0.89 7.60%3s i 9. 440es . N K
: N . By . 031 s 4.51%% 5.12¢ss =
. SR 1.95 141 0 2.86e .
: : 8 . 018 1.27 1,51 g
18 4 -~ . . * -
i cL sm i
3 By 2.67# 7.77%%% §.62¢x%
» By 4.66+es 0.48 3 &
. By 2.83%% 5.07#%%
- - T B 3.384%2 2.20 |
= ' 0 v
/_ .
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Table A-10: Summary of comparisons of the Vo Bertalanffy
. . parameters, NS = nonsignificant P<0.05

. .- ;
‘Dep(m)  Stnnyside+Dildo Dildo+TNNP Sunnymide+TNNP

10m .
Hoo - ¥ * J 3
x Ns * . *
ty Ns NS »
“20m . ;
Hoo Ns * *
x NS C NS
%, NS ‘NS . NS
31n ks . *
Hoo + NS . 3
X, » NS
Y% ¥’ * .
v
e
-
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o Table A-11: Summary of tvalues for comparisons of
’ . ’ somatic weight versus age fitted to

i polynomial equations.-
. i Dep(m) : s - N s
4 Sumnyside+Dildo ~ Dildo+TNNP .  Sunnyside+TNNP, oy
¥ y =
1om :
. by 7.00%4# 13.56%%%
8y 7.07*x¢ 7864k i .
4 by 2,45+ 2.10 = )
; 20m g sy ™ &
B 1:40 S 13.00%x oates . e
8y 3.47#4+ - 10.424%% B.7T%%% i
‘B,  0.64 1.78 2,54% E
3 .
b e ) ) /
’ B 0.75 9.654++ 9734w . o
b . 07 6.3844% 8.04%3s /
e . 002 2.44¢ 2.70%% k
- ) W % ‘ 2 o ¥
’ v
' B
v ® & . "
Y . . 53
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N ‘ Table A-12:" Summary of t values for comparisons N b
3 s Eat of somatic ‘weight .versus shell heighit. :
A Dep(n) s 2 e F
' sn'nnyuidu‘mldol ' .Dildo*TNNP Sunnyside+TNNP
- w B . k.3 v ? o W
. 10m . A T oy
Wit ‘1981 1982 1983 . 1982 1983 . 1982 193 x, b
@ < a i - L B.Eeks 820k BBME - oG L i e
. . b -2.0% 0.7 0.3 1.9 2,46 7 20B¥. 2:44 5 '
. . 3 @ ! .
5 20m ) s, B A i J
a ¥ 2.6% 2.1% =il 8. - 66wk ¢
b 0.9 14 2.1¢ 1.8 3.8444 0.9 e Cy
" 3m :
; . / Al
a '2.2% 2.0% w e 4. 3%4% 4 .30%% 2.7%% 1.3 G e - i
b 0.3 1.1 36w+ 0.4 1.0 06 0.3 - ;
. § . .
- ~ J . g
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H B -
Table A-13:- Summary of t values for yearly comparisons
Fy ™ of cubic polynomials fitted to shell height
versus age for scallops from Sunnyside
and Colinet. . |

AGE 2-19 YEARS LJ v '
. ‘ }
n 10m 16m +20m 31
1.00 1.23° 1.01 3.07¢+  1.43
0.14. - 1.48 0.34 0.08 0.45
1.90 0.44 _ 0.79 364 - 0.08
0.97 0.16 0.38 1.04 . 0.49

1.4 0.37 1.36
0.08 > 227 + 1.74 070 1.8
0.96 ~ 0.05 ' 0.07 051 1.52
0.02 2.52¢  1.02 1.63 0.60
»
2.14 129, 282 2.0 6.11
2.69++ - '3.93%%+ 1.44 0.78 ,2.09,
0.85 297+ 0.72  2.09 2,40
0.57

0.90

0.14
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. Table A-14: Summary of t values for yearly
on x 5, . comparisons of cubic polynomials fitted to
- ¢ shell height versus age for scallops
* T from Sunnyside and Colinet. . F B
; . #* ) - ; w ¢ B
i %, AGE 5-19 YEARS L
) 4 Years  6m 1m . 16m 204 3 %
- feoL eied2 5 : me :
y Bg 0.8 - 0.3 . 0.8 233 18t .- ;
e By 0.78 0.92 0.2 1.04 0.52 L 3
B b, 187  1.06.° 0.10 191 i.28
s " p, 038 0.8 . 0862 003 0.6 ;
: 2483 / P
p 183, 1.28, 1.3 032  £.70 : A
p, 069  2.54¢ . 1.1 0.47  0.69 :
B 007 © 1.51- 0.3 114 1.7 . . :
L ‘ ; 0.52 2.76% ,0.30 038 - 0.32" " : -
i b £ 5 s
81+83 -«
. * ’ -
¢ by 1.80 1.05 1.93. 231 0.18 i
8, 0.02 3.59m¢ 1.32 0.23 1:48 .
8, 1.38 0.62 ' 0.44 '2.694+  0.42
By < 0.02 2.26. | 0.32 0.62  0.38 e R g0
3 W
: ki
;
’ B, . N k
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1.83°

1.88
1.29
0.62

" 1.80

2.65%
2.73%%

1.82 *

4730%%% .

2.4
. 2.39

—

- 20m

0.68

1.3

0.83:
1.69

RN

Lo

0.57
0.81
0.94

1.3

Table A-15:" Summary of t,values for comparisons
of quadratic polynomials fitted to
somatic weight versus age for
‘gcallops from Sunnyside and Colinet. -. .

2.6844,

2.82%+

0.33

0.28
0.69
1.51
0.61
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Table A-16:

Summary of t.values for comparisons of

quadmuc polynomials fitted to somati¢ weight

vétsus age for sallops from Sunnyside-

i

and Colmet .

A‘cx-:' 5-19 YEARS
]
|

/ 1 16m 20m 3in
2.56+ 2.42
- 2.6 © 0.05
. 1:68 L. 1.39
- ©10.38
Y ,
1.3 .2.18
', 0.88 0.08 °
0.08 178,
- = 0.2
) .
3.74s% “0.18
1.60. - 0.04
1.68 0.30
- ‘. 0.08
N
g i .
. ;
"
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Summary of t values for ‘yearly comparisons

height.

of somatic weight versus shel

81+62 6m 10m 16m 20m 3tm
a b'a b a‘ b a b a - b

" ss - 44ss o 326 05 :03

DB 3 0.1 0.3 3. 7T#%%0.1 3.6%4%1.0

Cl "2.7+%1.3 ., 3.7Tax0.1

sc B X2 :

82+83

58 14 08 00749 15 2.2

DB # .-1.3 0.3 1.3 0.8 2.4 l.}A

C1 3.3142.3 2.0 0.4

§C. ~:BI1%%¥2.3 . .

™ 2.6+ 0.7 . 3.3#% 0.1 2.2 1.0

NI 0.2 0.8

81483 €n 10m 16’ 20m 3

ss - aTees 2004 02 - 24

DB 1.1 01 2,65 0.7 6.1+x2.2

C1 - 3.Bm 5.6+4%0.4

sC 3.1%%1.7




— - Table A-18:° Parameters and stanshcs for somatic welght !
! ; . versus shell helght regressions. 4

1981 o 1982 . _ 1983

1om " 20m  dta 10s, 20n ~ 3im’ 10m, 20m “3im

ss -
log'a -4.16 -4.32 -4.23 -4.81 -4.73 -4.31 -4.67 -4.38 -3.76 ;

b 2.54 2.60 252 '2.83 2.79 '2.55 2.7772.62 2.28 - ;
o . 121 134 - 122 . 62 90 75 93 56 97 v . .. . 5%
2 0.97 0.98 0.96" 0.97 '0.97 0.94 0.97 0.96 0.83 .

F 3745 . 6231 3200 2009 2603 1144 3391 1308-.476 . -4 .
B . o
log a'~4.69 -4.52 -4.32 -4.59 -4.49 -4.54 -4.65 -4.66 -4.82 :
b 2.81 2.68 2.55° 2.76. 2.602.68 2.80.2.78 2.83 =T
o, 3" M4 48 5L 727 49 56 61 62

2 0.95 097 0.92 0.95. 0.93(0.96 0.95 0.96 0.96

F 522 1200 513 050 989) 1242 990 1516 1698

cL 6n: 16m 60 6m  16m

log a -4.65 -4.01 ' -4.50 - -4.13 -3.98

b 2.73 2.46 2.64 2.47 2.3 E e

a 137 110 86 68 89, o s
2 0.97  0.81 0.97 9 ,0.98 0.92 . - ]

F 4348 462 2345 668 3208 748 B v
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TAblo A-19: Plr:me!el's and statisties for somatic welght
versus shéll height regressions. *

r

81
B2
83

83

Dep(m) log a
102 -4.12
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¥ 'Tnb!‘e A-20:  Summary of t valies for comparisons
. ‘ of somatic. weight versus shell height
regressions for males and females:
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Table A-21: Summary of t values for the comparisons
.of prespawned gonad weight versus shell

height regressions for males and females. '
1981 6n 10m 16n 200 3m
N > . wo : . ;
; a'b a b a b a b a ‘b . .
. : : : ;
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. - \ y
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Table A-22: Summary of t values for comparisons of
! prespawned gonad weight versus shell height -
regressions.
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Table A-23: . Summary of t values for comparison of 5 @
¥ postspawned gonad weight versus shell heightr - ! o
. regressions. . - "
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Table A-24: Parameters and statistics for prespawned gonad
v weight versus shell height regressions.

2 . 198t 1982 1983

10m - 20m 3im 10m 20m 3im 10z 20m 3in
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log a -5.55 -6.93 -4.41 -7.59 -7.41 -6.16 -5.29 -5.08 -5.76
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Table A-25: Parameters and statistics for prespawned gonad
weight versus shell height regressions.
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, Table A-26: Parameters and statistics for postspawned
gonad weight versus shell height regressions.

181 . 1982 1983
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Table A-27: Parameters and statistics for postspawned *
gonad weight versus shell height regressions.
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. Table A-28: Summary of fugalues for comparisons of

. regressions. " *
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’ 0bte A-20: Summary of & values for cofnparisons
\ of prespawned gonad weight versus shell height
\ regressions,
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