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The quahaug a hard-shell clam. Venus mercenari

the Atlantic coast of North "IIleric II been investi~ ted to

some extent in the United States because of its v lue as a

food product. Nhen. about 1900, it became evident th t the

abund nee of the species ;yas rapidly diminishin in the New

lin land st tes, attempts lIere made by Kellogg (1 05) in New

York state nd Belding (1912) in Kassachusetts. to obtain

information on its life-history and growth under various envir­

onmental conditions. The latter work was quite extensive, the

recommendations outlined apparently adequate. and no more research

on the quah ug Nas attempted for over twenty years.

Investigutioll of the quahaug _s resumed in 1935, by £r. V.

L. Loosanoff, sponsored by the U.S. Buretiu of Fisheries, in

Connectiout. This resulted in the pUblication of several papers

on the early life-history (Loosllnoff, 1937, .b.c.) anc the

relationship of shell movement to temperature (Loosanoff, 1939).

Stafford (1912) described the free-swinnning larv 1 stages

of the quahaug in plankton collections made in Can dian waters,

and MacBride (1912) discussed briefly the methods of fishing

quahaugs and their injurious effects on oyster culture. In 1916

u short paper was published on a supposed disease of quahaugs in

New Brunswick (Cox, 1916). Exoept for these papers nd reference

to quahaugs by various fishery officers in the Canadian govern­

ment reports, nothing has been published on this mollusc in



The American oyster, Ostrea virPjinica and the Cluahaug have

similar d istribution in Canadi n waters, both be ins arm water

forms at the northern limit of their r ges, and occurring only

in situations where the sea water reaches hil1,h temperature

early in the SIlIllffier (Nelson, 1928). MalpeClue bay, on the north

shore of Prince Edward Island has been one of the most important

centres of production of both species. In this area both pecies

were reduced by 1916 almost to extinction s a result of improperly

controlled fishing and dieease, as ill be mentioned later. The

Prince E(i.,ard Island Biological St tion W3.S established in 1930,

on Bideford river, ne r the former centre of production of oysters

and Cluah ugs, for the purpose of developing cultural methods where­

by the oyster might be restored to the Y"lpeClue bay area. The

methods developed have been very succeSSful, nd oysters are being

restored to those parts of the rea where the bottom is hard and

suit ble for the development of well shaped stock. Other parts

of the area have botto"l.vhich is too soft for oysters, but which

should be suitable for ahaugs, since they did occur there t

For the purpose of determining the life-history and factors

influencing the rate of growth and survivel of the Cluanaugs in

the YalpeClue bay are , the present investigation (sponsored by

the Fisheries Research Board of Can da) .vas started in 1936. It

was undartaken by the writer on the suggestion of Dr. a.H.H.

Needler, in charge of oyster culture at the .E.r. Biological

Station, where the main part of the work has been done. An
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effort has been made to obtain information that ill be applicable

to more than the lpeque bay ared, a .•inv. to the lll1ited funds

available as .vell as l1mit",tion of ti e, it h " been possible

for the .vriter to conduct person 1 investig tion at only one out-

side area, n<illlely Tatamagouche bay, N.S" where oyster culture

investigations have been in progress since 1937, Environmental

conditions there are oonsiderably different from those in Malpeque

b y due to a much greater range of tide, :md may be considered to

be typical of other situ tions 'Nhere quahaugs occur on the south

st,ore of Northu;nberl nd strait, However. collections of specinens

from other locations have been ex mined nd some ide of growth

rates of 1iu aUll;S over most of the rea in Can da .vhere they occur

at the present time, has been obtained.

The important parts of the inves!;i ation may be dat",iled as

follows: (a) a determination of the present distribution of qua­

haugs in typical parts of the region under consideration; (b) the

development of satisf ctory methods of conducting grmvth and sur­

viv'l experiments with the limited stock available. so that signif­

icant results might be obtained; (c) the determination of the age

of specimen; (d) the derivation of consid rable information on

the life-history and habits of the <,\l hug which Nould be necessary

for the planning of conservation measures; (\J) formulation of a

plan whereby experiments could be set up to investigate the effects

of a large number of environmental factors on growth and survj va'1

of quahaugs in Ii limited time.



Thus a large part of the work has been the development of

suit ble methods. These were worked out largely during the

first swnmer, in 1938, when exploration showed where specimens

could be obtained for experiments, and observations on the life-

history nd habits of quae. ugs were be n. In the sprin~ of 19,9

a series of experiments * s set up just before the start 0:" the

growing se son in B:de::'ord river and follo,ed throughout the

season, "hile other experiments .•ere set up <it Ma.lagash, N.d.,

in the Tatamagouche bay tirea. During the summer of 19,9 obser­

vtitions were made on the life-history of the quahaugs, and a

number of laboratory experiments ere performed to determine

the l.1bility of the quahaug to survive vari tions in temperature

and salinity. A series of experiments was set up in the summer

of 1940 in Bideford river, simi13.r to the 1939 series, for the

purpose of checking tho 1939 observations. and a number of

additional experiments were conducted with Eo view to p:lving

more information on certain factors, for example, - circulation

of water, which ppeared to be important after analysis of the

1939 results. The 1940 results checkEld clos61y Nith those

obtained in 1939 in all important features.
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GENERAL DISTRIbUTION OF '!HE

Venus mercen",ri occurs on the ",tl ntic coast of North

Americ from the Gulf of St. Lawrence southward to the Gulf

of Mexico (Johnson, 1934). TIlls to> considered to be its n;Jtur 1

habitat and its occurrence in some places on the Pacific coast

is «ttributed to accidental pbnting with eastern oysters. It

is essentially a southern warm-water for , occurring only in

the more sheltered and shallow bays anc' rivers at the northern

part of the range, where its distribution parall!L9 that of the

AllleriCall oyster, Ostrea virBinica (Belding, 1912) •

. Definite information on the bathy ,etric distribution of

~~ I:lercenaria is lacking. In Massachusetts its range is p'iven

by Belding (1912) as from high-tide line to a dept.h of over 50

feet. It is not knONIl to occur at any depths greater than this

in Canadian waters.

Illforl!ldtion on the distribution in C.mada has been obtained

in sevl1ral ways. One source of information on p st distribution

is tho Fisheries Statistics, published by the Dominion Government,

shoNing the centres near which qUtihaugil h..ve been caught tind landed.

Dr. A.W.H. Needler is familiar with the present distribution of

quahaugs on PrinCE> Edward Island and har furnished information

t"or districts which the writer has been 1,;.;".ble to visit. In 1939

and 1940, Dr. F..A. Ingalls of MOU1.t Allison University, surveyed

the mollusc resources for the Nova Scoti Economic Council and

his notes on quahaugs have been kindly forwarded to the author.

A considerable number of fishery officers, mollusc fishermen,
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the past nd present distribution has been obtained from them.

Person,,-l exploration has been carried on s =ch as possible.

The above infor_tion has been incorporated in figure 1,

where it will be seen that qu h,,-ugs re limited to Prince

Edwdrd Island and the No!'thumberltilld strait shores of New

Brunswick and Nova Scotia. The records from the Fisheries

Statistics do not indicate that there as a ...ider ran~e of

distribut ion in the past, e cept perhaps dlon tLe north shore

of Prince Edward Island, but there is no definite information

that quahaugs are now absent from these p13.ces.

LIFE-HISTORY .:..ND HIiliITS CF Till!: Q.UARAUC

II: the study of the fsctors limiting growth and distribution

speci 1 ttention has been given the life-history and h bits.

\ol.uahuugs usually live just under the surface of the se

bottom, but sometimes on hto.rd bottom of the intertid 1 zone in

",n exposed situation the dorsal portion of the v lves 9.Ild the

lipament are uncovered. Their proximity to t e surf...ce s com­

pared to other borrowing species like ~ !!en ria is necessi­

t ted by the very dhort siphons which pr~ject only fe'/( milli-

II.3tres beyond the posterior edges of the valves. Large quahaugs

about 6 to 8 cm. long are inactive altho.lgh they are provided

...ith powerful foot. If left on the surface of the sea bottom

in s=er they bury themselves in a short -time, but once belOl¥
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urf ce pr<ictically no horizontal movement occurs. Obser­

vations over several months on many specimens of this size

h Vb shO·NIl no horizontal movement wh tsoever. Sm ller quahaugs

re more ctive, and speciJ:lens 2 to 3 CJ:l. long t,ave been found

to tr vel dist nces up to one foot in t 0 s er J:lontt.s. Very

small quah ugs, about, mID. long, have a L ...rger oot rel tive

to the size of the valves and are more 0 ive than the larger

sizes in burying themselves, but ove 'iery little horizontally.

All sizes re able to reg... in the surf ce if they have been

buried under se'ieral inches of bottom during su=er.

Q.l:.ahaugs are inactive at lO·N t mper tures. Loosanoff (1939)

found them to reJ1ldin closed at temperatures beloN ,0 or 6·c. ,and

that they were opeJ;l from 69 to 90 per cent of the total time at

temper tures above 11°C. In May 1939 at the P.E.I. Biological

Station, when the temperature of the water was artlund 10·C.,

speoimens left on the surface of the se bottom did not bury

themselves for several days, while in midsummer tney have usually

dis9.PPllared from view in less than an hour.

Loosanoff (193'7-l made an exhaustive study at Milford, Conn.,

of the development of gonads of Venu~ mercen ri by means of

aerial sections, and concluded that tae "exes are usually separate

.lad that spawning as =les =y occur in the firGt season of growth

<illd s either mal~s or females in .he second se son. In Bideford

river, spawning has occurred in 1939 and 1940 after the temperature

in 1 te June and e rly July at the bottom h s reached bout 23·C.,

and continued until bout September 1st. Fertilization occurs in

the sea w ter and a trochophore larva develops, followed by a

veliger larv O'Iith a shell called prodissoconch. The veliger
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larva swims by a velum until the shell has incre sed from n

initial length around 0.1 mm. to 0.4.5 1lll4.; Nhen a foot has devel-

01-ed. the velucr disappe rs. and the 1 rva settle s to the sea

botton or other firm surface. In 1939, the length of the free­

GNi=ing period was estimated by dentifring particular broods

of larvae in successive plankton tows from spaNning to settlement

d found to be round 12 days. After settlement, a shell. char­

acteriE:tic of the adult, deyelops and 1s c lled a dissoconch. The

foot h s byssal gland Nhich can produce a sin171e thread byssus

for uttachlnelit of the small quahaugs under 10 =. in length.

O'Nin17 to the shortness of the '0 ing season. th· rowth

rite in Venus r;er'1enarid. in Canadian w tel'S is SlON. and at least

.5 years nd often longer is requ' red for the minimum marketable

length of l~ inches to be attained. On the other hand, the

len th of life is considerable, since specimens up to 2.5 years

of age (cl.etermined by the 1'..1'0 h-ring met d de9cribed on page 12)

are frequently found.

The method of fishing depends upon the location of the

quah",ug beds and the Kind of bottom. :rn situations below low

wdter level. wherf' the bottom is not too hard. a large rake ,pro­

vided with a wire screen basket bahind and above, on a long

handle 2.~ to jO feet 1n len h. is operated from a dory. The

rake i8 thrown out from the anchored bo t nd slowly worked in

toward the fisherman. v'lhen under the dory. the rake is turned

over and the contents brought to the surface. The contents of the



basket are then washed back and forth to free them of mud nd sand,

nd the quahaugs picked out. On hard bottom beloN low 'NateI' level

n adaptation of the oyster tongs is sometimes used. This consists

of Ii pair of rakes with long curved teeth, pivoted bout four feet

frcn the rake end, which is low6red tONeI'd the bottom with rakes

",,.,,rt, and thrust into the bottom; the rak6s lire then brought to­

gether and the contents I' ised.

Cn the intertidal zone qu haugs are obt ined by h nd picking

t lON tide, either after 'the bottom has neen dug up with a rake

or spade, or after the position of the animal has been determin'3d

by .treading' the bottom bare-footed. If the beds are covered by

only a few inches of water as the tide is receding, tbe position
determined

of the uaheugs Can often be ct.~..~i: by searchinp; for the dark

openend.sof the siphons.

Nhen heavy rakes or tongs are used in fishing, ~ ny specimens

are dam ged. It has been found, however, that u.lthough consider­

a~le dam ge may occur to the shells, the qu haugs survive.

,,-t :i!;llerslie in 19}9, s~ecimens damaged in various degrees,

were planted in a bed and examined a month later. It was found

that specimens which had consid.llrable pieces of the shell broken

1 to expose the mantle. had not survived. Those having shells

merely cracked right across or whose valve edges wera chipped

without much mantle being exposed had survived, and the breaks

in the shell were being filled in.

It may be concluded that shells slightly cr eked or shipped

may be repairod and no mortality will result. But, badly broken

shells resulting from careless handl ing of the rakes or other



impleJ:lents may result in considerable mortality of specimens

in quo haug beds.

At the l:leginning of the investigtltion in 1938 the problem of

developing suitable methode for conduct1 growth studies of the

quuh"iug arose. Kellogg (1903) held 1ndividulil specimens 1n flower­

pots, pL1llted large numbers 1n bods in d':'fferent situ'.ltions ",nd

held others in wire racks abov otto, measuring the length before

b.I,d after the exper :J:lents. Belding (1912) followed Kello gl s Clethod

of plar.ting exper_mental beds in mw.... rous locations and held speci-

mens ir. boxes t different depths suspended from r"fts. lie evidently

t."d =ch s istance and unlimited stock of suitc.ble size for the

e.xperiments, because hunereds of beds were plb.nted "na their growth

followed. Ifeymouth (1923) in n investigation 01 th" life-history

md c,wth ,of the Pismo clam ('rivel stultorum) in California, show-

ed thb.t ro,th rings were a true indication of age 1n this mollusc.

his wt,cle investi!': tion depended upon this ethod 0: "ge determin­

ation, as the r tee of gro'Nth of cldms in different sit..lations were

calculated from me surements of the annual rings of large collect­

ions of specimens. Belding (1'712) says nothing about growth rings

as &. method of age determination for tte quahaug, and oonsiders

tLe age of specil!:ens only 'Nhen they had been reared for Ii known

length of time. He made use of a method' or notching the edge of

the quahaug shell with a file at time or e surement so that the

growth dl'ring a subsequent interval or time could be seen readily.

the rile mark leaving permanent record on the shell.



In the SUIl1I:ler of 1938 exploration of Bideford river in the

vicinity of the Biological Station sho"Ned that it WliS difficult

to obtain small specimens of uniform eize for experimental plots.

S6~eral locations were found where su::.table quahaugs could be

obt ined more readily than in other places, IIDd throughout the

summer enough were dragged \'0 establish 8 beds, 4' by 2' in area,

ea.::h containing 50 measured and notched epecimens. The beds were

planted ulong a line running out from the shore of Bideford river,

from near high ....ater IIlt1rk in hard sandy bottom to beyond low water

mark where the bottom becomes a minure of ., lid IIDd mud and grad­

ially gete softer as the proportion of mud increasee. Several lots

of measured and notched quahaugs ..ere p19,nted in ire ecreen boxee

such as ',yer used in growth experiments th ~ .!renaria by New­

combe (1935) and sunk: into the bottom, but it was soon evident that

tuese ",ere very unsatisfactory for growth experi ents .vith the

quahaugs here, because the wire tops became clothed in algae and

little growth oocurred in them, as compared to gro,l'th in beds

nearby. It was found that no appreciable movement of quahaugs

planted in beds occurred during the summer, thus the necessity of

enclosing them in any was was removed. The recovery of specimens

from beds planted in the intertidal ZOlle was found to be compara­

tively eaey, as tLley could be felt for with the hands, or the

bottom raked up at low tide when they could be seen and poked.

It was fOu-nd difficult to recover specimens from b ds beyond the

water level by draggLng, and some other method of following growth

in deep water proved to be necessary.



In 1938 it appeared th t growth rings would be reliable indices

of the age of quahaugs. The regularity in the width of bands on the

shells of specimens raked throughout the summer, was noticed first,

then the increasing width of the lighter-coloured new shell beyond

the last check-mark as the season progressed, was observed. Speci­

mens raked late in the summer had a final belnd of lighter colour

than the rest of the shell, nd of bout the same width as previous

bands. In general, larger specimens htid added narrower bands than

smaller specimens, and this was in ccord nce with the width of

previous bands on these specimens. Previously-notched specimens

recovered from the experimental bed-s showed lines on the shells

at the position of the notch similar to the other check-marks

between rings, but always fainter. Similar indefinite liaes some­

times were observed between the definite check-marks, apparently

marking the interval between growing seasons, but these were always

distinguishable from the latter, especially at the ends of the

shell where they were b rely discernible. In a SI:lall proportion

of specimens from Bideford river and Paugh's creek there were so

many lines throughout the shell that it would have en difficult

to read the age, but less than 5~ of the specimens were in this

condition. The large numbers of rings may h ve been due to fre-

quent disturbance of the quahaugs by oyster r king in these sit-

uations where the bottom was soft, as quahaugs from hardsr bottom

in p;aces where they would be undisturbed did not show such dis-

turb nee rings. In none of the specimens held in beds during the

summer were any lines produced other than those which arose at

the time of notching. In the spring of 1939 examination of
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specimens from the planted beds showed the addition of a n rrow

bank of shell beyond the last check-line which [,ad been lli9.de a~

the time 01' notching in the previous fall, and there was, in some

specimens, a very slight amount of growth visible bbyond the check­

line of the 1~38-39 winter, which was dS yet evidant only at the

posterior ends of the shells where the growth had occurred. Examin­

ation of a sample let of specimens from the beds planted in 1938

lind undisturbed until the fall of 1939, showed in all cases the

definite winter check-line slightly beyond the last notching line

of 1938, followed by the growth of the 1939 season, which vas in

every C<ise free of any check-lines.

In the first attempts to read the "'ge of quahuugs from growth

rings. the chief difficulty was in determining the extent of the

first season! s growth. This was due to the wearing away of the

shell in some specimens in the region of the umbo, and t a the in­

turning to some extent of the first-formed shell as the shell

incre"sed in size, and the valves produced early in life were

spread apart 0 Nothing was known of the size that quahaugs reached

during the first season in this region. Collections of quahaugs

sp wned in 1938, and found attached to oyster collectors in Bideford

river late in the season, showed the small size reached in several

months! growth. and fu!'ther collections os small specimens from

• Mal gash, N.S., in 1939. showed what size might be expected for

quahaugs at the end of the first season. It is now possible to

determine the check-line produced at the end of the fj rst growing

season in most ca ses. as it is much nearer the tip of the umbo than

was first expected.



ll.j.'ter the preliminary work of 1938, the following "eneral

metl.ods of conducting rowth studie:: I{ere adopted in 1939. They

proved to be satisfuctoryand lei'O used again in 1940.

Collections of specimens were m de as e rly ad possiblp in

the spring in the sume location 1'1'01'1 which the number of simil!l.r

lot ... os specimens required for experiments ere made up. For

example, in the spring of 1940, enough specil'1ens were drag"ed near

the mouth of Paugh's creek in fivf> days by V.r. Colin Hutchinson,

",n experienced quahaug fishermsn, to provide 25 similar lots

(of 75 specimens each), with a size r9.nge of 17.5 to 43.5 mm.,

h"Lllt, and a lICun height of about 32 mm. for each lot. The

specimons for e"j.ch lot were picked by '" method of random sanpling

which gave similsr size composition to eaCh, dnd a size-frequency

distribution s.imilar in form to the norm",l curve.

At the start of the experiment in 1959 the dimensions of each

specimen wero measured with a vernier caliper to the nearest tenth­

willicetre. The usu 1 measur~ments of biv!l.lves are length (the

greatest antero-posterior dimension of the valves), height ( the

gre_test distance from umbo to ventral margin of the shell), !l.nd

thickness (the greuteot width tbrougb ~he two valves perpendicular

to the long x· s). The ventral margins of all the shells were

notched ligbtly with a three-cornered file, nd each time the

speciJr.ens were recover6d during tbe growing season, for measure-

ment,. At the end of tbe growing season a record of the extent of

growth in e ch of the growtb intervals was visible on tbe sbells,

since the notches could be seen plainly.
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In 1940, when a greater number of specimens was used in each

lot. in order to save time in getting the experiments set up and in

returning the specimens to the water arter ttiking them up tit inter­

vals thrOUghout the growing season, all the measurements were made

at the ~ of the e;rowing season. The specimens were notched at the

s-:;art of the experiment s, and again when recovered. A light check­

line is produced on the shell at the time of notching, and measure­

ments can be made of the size to the end of any period in the fall.

It was found in 1939 thtit the most convenient dimension to

lIJeasure on the quahaug sl1ell is heil5ht. and it WtlS decided then to

use height as the size dimension throughout <ill the growth experi­

Dents ./hen determinations of age were attempted by roading ~rowth

rings ",nd the size measurements at the ends of v<irious years were

desired, the advantage of height measurement over length measurement

was found,

In 'luahaugs small ridges having nothing to do with the annual

check mark'3. aro produced on the surface of the shell parallel to

the growing edge. They are less evident over most of the shell

surface after the first rew years of growth and do not hinder the

reading or check marks near the middle of ~h'3 valves. At the ends

of the valves, however, they are alwliys quite prominent tind Dldke

difficult the reading of the check marks. The height of Ii quahaug

shell is greater in proportion to the length than in most bivalves,

as shown in 1"igure 18 (Et.- 0.92 L.), and the accuracy of the

measurement is therefore about the same. Also .. since the umbo has

a definite position, the error in applying the vernier caliper for

the height measurement is only half as great as the error when the

c"lipers tire ..pplied to the two ends of the d.wu_l rir._s, since an
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estimation Of, the position to set the calipers must be made t

Measurements of the thr ..e di sions, length, heill:ht and

thinkness were made for all specimens t each time of measure"lent

in 19.39, and from these the relationships between bei t and length

and heir;ht ",nd thickness have been plotted. (Fig.181 Ddterminations

by water displacement of the volume of various sizds of specimens

have also been ID"Ide, and the hei",ht-voluI1e relationship is shown

in figure 18. In 1940 measurelronts of length _nd thickness were

nude for only a fpw lots where a cl an"e in h!1l'B Vld.S thougt.t pro-

Gro·,vth in the intertidai zone and for a short d l.etance beyond

low water' level ,ias determined by pl:l.nting euch lot of .;pecimens

in a bed L ft. by 2 ft. in size, with the corners of the bed I'Itlrked

by stakes. e 1uahau~s could be r_c,J ered t lo,t tide by feeling

for then with the fin ers.

Growth in deeper water was studied by planting each lot of

specimens in a wooden tray 4 ft. by 2 ft. in are!1 and G in. deep,

the vood being 1 inch thick and cOtlted with special paint for pro­

tection g inst shipwoI'!lls. fter filling thd trays with the re­

quired type of bottom ffi!1teri3.1, rope bridles were attached and the

trays were either placed on the bottom with t rred ropes leading to

buoys at the surftlce, or hung at any desired depth from pole

supported by wooden tripods. Such a tray when filled and ready to

put out weighs several hund~ d. pouml.s but it can be handled con-

veniently by fou:" men, if tONed just below the surface between two

dories, and lowered carefully _t the required location,
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To deterrJ.ino the effect of light and circu1!l.tion of water

on groiith, special t;-ays v l' cOllstructed. They Nill be described

l ..ter when these factors are disoussed.

Newly-settled quahau6s: On the shore of T>ltama~ouche bay, by

measurinB specimons obtainAd from bottom oreenings t different

times d ring the growinr- setisons of 1939 nd 1940, the groNth of

sm"ll quab:lugs in their first two yetirs of life NaS follo.ved.

L"rv:l : ...ttenpts to follo" t.he rowth of t!le free-s'Ni=in larval

ta·;es .vere rr:.:rde in 1938 by t:iking pI . ton to saver qu"naug beds

in ideford river -.vitb net of ,';0.18 aUk bolting-cIao", through-

out. the season. The larvae of about a dozen pecies of bivalves

are p::-esent in such tONS and the recognition of qu",h ug lurvae

presented Slolme difficulty, especially in the Bdrly stages. Stafford

(1912) 1l1uCltr ted Hhut he considered to be quuhaug lar ae in plank-

ton to'vs tuken in Malpeque bay, and larvae similar in size .md

"'Pfea;-",nce to tLese lere found in small numbers in the 1939 to'NS.

E rll in 1939 a large bed of quahaugs .us pl!lnted just bela ... low

'.'late level in Bideford river and tows Nere taken regularly over

thi.; bed. Much greater numbers of the s e larvae as found in

1938 plankton tows occurred in these tows, aold it was possible to

follow several !broods! until they d1l;lappeared from the water, when

a few were found to have settled on oyster collectors nearby. The

l:lter stages of larvae h ve characteristic umbo, which cO\.lp1ed

with the large size of ths I rv e, IIllikes them uI1mistakable but it

was still uncertain whether these younger straight-hinged stages,

faun by working b cJcward through to...s taken previously, were the

same us those described by Stafford.
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y several attempts were Illdde to obtain 1 rvae by

inducing adult quahaugs to spawn in the labor"tory, but these were

all unsuccessful. The quahaug does not respond to increase of

temperature and the presence of genital products of other ripe

quahaugs by spawning as do the oyster and mussel. This was also

found Loosanoff (19}7c) who 'Nas successful in gettin qu hugs to

sp NIl in the laboratory in only a very small proportion of cases.

All attempt was them made to fertilizs auahaug eggs artificially,

by addition of male gonad to ripe egps in sea Nater. ",fter several

unsuccessful experiments a few motile trochorphore larvae were obtai­

ned on July 29, 1940, when eggs and sperms were taken from quahaugs

which had apparently shed less than half their spaNll. On August

6th, 1940, the experiment was repeated; successful fertilization

occurred, and straight-hinged larvae had developed by August 8th.

Camera lucida drawings and measurements were Illdde, and these checked

with those of Stafford. This is apparently the first time artificial

fertilization of quahaug eggs has been observe~. Loosanoff (19}9C)

reported numerous unsuccessful attempts and att"ibuted the negative

results to the inability of the germinal vesicle of the egg to break

down when the egg is outside the ovary. This dissolution of the

germinal vesicle is the crusial step preparing the egg to be fertil-

ized by the sperm, and according to Loosanoff it never occurs if the

ovary is cut, even if the quahaugs are in the act of spawning at the

time. This theory is disproved by the present results.

In 1940 it was not possible to follow "Broods" of quahaug

larvae in the tows because there were quine large numbers of ture

larvae continuously after the first appearance of umbo stages on

July 16th. Evidently quahaugs do not spawn in marked bursts like
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oysters nd mussels, whose broods of larvae can be easily followed

in successive taWil, but the production of larv e by qu haugs appears

to be a gradual pr;)cess extending over long period when the water

temperature is sufficien\.l, high. The rel tionship of spawning to

temperature wi. 1 be discussed later.

Bideford river P.E.I. experiments. (8.)

In 1939 twenty-four plots, each containing 50 small specimens,

~ere set out in Bideford river at tt.e be inning of the growing

se,,-son. They were (irr nged as shown in figure 4a to demonstrate

the effect on growth of kind of bittom, position on intertidal zone,

depth below looN wuter level, crowding, eel-grass, exposure to light,

etc. 1:1 1940 t enty-five plots each containing 73 specimens Nere

set out as shown in figure 4b. These experiments were a reretltion

of those set up in the previous year with the addition of several

to give mors information on the effect of cirCUlation of water on

groHth.

The method developed for treatment of the measurements consists

of plotting histograms to represent the size-frequency distributio'1s

in each plot at the beginning and at the end of a certain growth

period. The histogrtlllls for all the plots re Similar and are dis­

tributed about the same mean height (to !thin 1 =.) at the start

of the e"perilllents. Comparison of growth between different lots

during a time interval can be made by observation of the distance

traversed by the histograms along the size axis. The histolrrams

repre entlng the data obt ined in the ex erimentll of 1939 and 1940



are shoNn in figures 10 too 14. Since the experimental plots were

arranged so that one plot could provide data on several faotors

wherever possible, the plot s concerned in the discussion o~ eaoh

factor have been gathered on separate pages.

The mean heights of each lot at the beginnin and at the end

of the expe.'imental are shown on the di gr!lIl1s, as well as the stand­

ard errors of the l.e s.

There has been very little variation (usually not more than

0.5 mm.) in the final size of quahaugs h ving tre same initial

size, ",hich wer& held in the s me situation. Consequently the his­

to .'ams representing the size-frequencies t the beginning and at

the end of a rowth period ",re very simila.r in form. A.lso, '.he

standard errors of the final mean heights of different lots exhibit

little variation, and they are slightly less th n the standard

error of the initial mean heights. This is a result of a Illore

rapid increase in eight on the part of the smaller speci"lens,

causing th.lm to overtake some of the larger specimens, with a

consequent reluct ion in the spread of the histogram3.

!t has been decided that a difference in final size between

two lots of specimen.J shall be considered insignificant unless

there is an obvious difference in the positions of the histograms

representing these lots. Such a Judgment of signific nee is made

possibly by the constancy in the form of the histograms as pointed

t above. Wh.lre there is no d finite difference in position of

two histogr!lIl1s, but a small size differ31l;ce is shown by comparison

of the mean final heights, a trend may be indicated, but the

significance of the difference is held in doubt unle3s the SS'lle



observ",+.ioll was made upon repetition of the experiments.

From the cal"ulate" values of mean height d stc-.ndard error,

n estimation of the statistical si nificance of differen""s between

the final mean heights 0 different lots can be m3.d., by applicat'on

of the ft f test for small samp'.es, as described by Fisher (1934) ,or

Goulden (19.'9). This test 'las been ap lied in a nwr.ber of cases

to determin'l how gr at the difference between two means of the

present population need be, to consider trem liable to o~cur by

chance in no more than 510 of ~otal tri ls (the enerall:r-used

level of significance set for biolo iO 1 'nvestigations). For

exa,ple, 'applying the test to two fin 1 mea'1 heights obtained in

the 1940 experiments, when such heights differ by 1.6 =. and have

a st d rd error of the difference amounting to 0.8 mm., the pro­

b'lbility of this difference ocourring by chance is 51., or 1 in 20.

In the present series of experiments from the fact that the same

specimen:l are meas'lred at the beginning and at the end of the growth

periods an1- their individual identity is known, coupled with the

slight v ri b'_l~,ty in growth of different epecimens of the same

size, it should be safe to assume a slightly hig'ler level of

significance. Howev -, in discuss ing the significance of the results

below, unless there is good reason to believe other'.vise, ( " for

example when defin'te trend is in evidence along a series of plots)

differences are oonsidered of doubtful significance when the pro­

habUity of t'1eir o"currence by chance is greater tha)" 1 in 20.



In 1939 a series of plots containing similar lots of 50

mixed sizes of qu Ilaugs ran ing in height from 25 to 75 I:lm. ,was

ciet up p rallel to the series cont inin only small sizez

(figure 4 ). The purpose of this series w s ,0 camp re growth in

different sizes of quaha"ugs, and also to comp re rowt;., in Bideford

river and Mal gash basin, where simil r lot of quahaugs "Here planted

in the spring of 1939. The measurements of these lots at the begin­

ning and end of the 1939 growing season, hdve been grouped into

hei~ht classes of 10 lDI!I. range. nd the <iver ge in.:rease in height

of each class has been calculated. These c lcul t ions are tabul ted

in Appendix 2.

Salinities were taken at intervals throughout the perio'l )f

open water in 1939 at four hydrogrdphilJ statLJns as shONn in

fi e 2. While considerable differences in sal'inity occurred

between stations 2JOl and 2007 for Etxample. in the spring, following

the ffielting of snow d.J.d lce and sprin rai:ls. nd again Lite in the

1...11. ';/lere were slight differen~es in salinity at each of the four

stati.:ms throughout most of the .;;rO'.¥1ng se<i!on. In 1939 at-out 70~

of ,ha se son's groNth occurreo. between July l,th and September 6th,

and a, no time Here there differencCls of more tLdil l~ rrJ.llCl between

different at tions.

The ramarkable similarity in salinities throughout ldalpeque

b<iy a.nd its inlets or river is pointed out by NeeCl"r 11931) who

states that there is u~lly no mOl"S tllan sE-veral part3 per mille

difference bet een the upper ends of tte inlets like PaUgh' a
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creek and the open bay. It can be concluded that salinity may

be disregarded as a factor of any importance ill limiting the

growth of quahaugs in different parts of the Malpeque bay area.

Late in September, 1939, a collection of quahaugs as

obt ined from two of the tributaries of Paugh's creek to determine

how f r up toward the heeds of the creek qu hau s might be found.

The upper limit ...here breadth of the inlets is only a out 50 to

75 feet, is shown in figure 2. The growth of these specimens as

sho;m by annual rings was no leas tnan the growth of specimens

obtdined near the mouth of the creek, where fresh wate Nould be

at the surf ce following r ins and not ffecl;ing the s Ifnity

of the whole stream, as it would in the :;hallow and narroov upper

~rat.ureo

To determine the correlation between seasonal ...rowth of

quahliu!,11 and templ'rature, sliumle- ":lots of speciemns ere taken up
intervlils thrOUghout the growing

at UJ:ltXIlq:.artixJi t season for measurement. and

+empert't re-s at the beds were recorded dliily by maximum and

niniJ'lUm thermometers. These were supplemented by tempeiatures

tal-en daily ex"ep+ Sunday from the end of the J.aniting stage.

The plots in trays (position 5 fir.4) contaJning sandy d

just elol\' low water level Hill bp ccm"idered as examples, flince

temperatures ere taken near"Y.

In 1939 the spl'cimpns were set out on June 1st. and in 1940

on Jun9 l,',+.h, both these lots having heen fJ"hed withJn the

previous 'Heek and held on the bat+,om near low I\'!iter level until



needed. No growth was visible on the specimens before these

dates. This Wb. in contrast to oysters of similar len h, hich

hud grown consider bly, tibout one half inch of new shell huving

been formed by soine. The times of recovery of the qU!lh:iUgS for

medsurement depended upon the conditlon of the tides :md pressure

of other Nork, and in 1 9 they ..ere recovered on uly 13th.

AUgust bth, September 6th and finally on November 6th; in 1940

recovery Nas possible at monthly intervals, on July 12th, ,.ugust

12th, September 12th and finally on November 15th just before

freeLe-up.

The Illuximum und miniL1um temperutures taken throughout 1939

nct 19..0 have been plott;ed in figure b. Some criterion was

desirAd by which tempertitures effective for growth might be

in iCdted, and upon eXtimination of the temperature Ilraphs and

the ,rowth of the specu.. ns, it e.ppetired thut the se son's growth

oecur!ed during that time when the minimum water temperature 'vaR

bove 10·C. That the miniI:lUlJl temperdture for growth lies soroe­

vbere tiround 10·C., is Iso suggested by the work of Loosanoff

on shell-movement in Venus mercenaria (Loosanoff, 1939) where he

found hibernation ~o occur in most clams when the water temperature

fell below 5° und 6°C., and the average period of openness of

the vdlves to reach 88 of the tottil time only when the water

temperuture had reached about 11'':;.

the drea between this line tind the minimum temperat11re line calcu­

lated, a possible expression of effective growth temperature in

ddy de_rees can be abtained. Comptirison of the growth during each
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period nd these 'effective temper tures' are shlYNll in the foll-

owing table.

Time intervals
before June 1

1939
Totalbetween J~13 sept.6

measurements. June to to
1 July 13 Sept.6 Nov.6

GRONTH
A.ctual Height

2.6 mm. 5.8 mm. 0.6 min.increase 9.0 mm.

Percent ge 0f
291- 641- ~whole

TEJ.lPE""TURE 4
Number day-degrees 40 280 567 987
overlO·e.

Perll<l::lt I,e of 41- 291- 5710 101-
whole

Time interv ls
Before

1940
between j~~ Ii JU~~ 13 Aug. 13 sept.13 Total

neasurements June 1 to tn
July 12 "us. l¢ Sept.12 Nov.15

GROl'Tl:l
1.6m."I. 416 mlTl. 15=• 8.9.il.cut 1 Reight

increse

Percem,age of
181- 251- )21- 51-whole 1001

T~ J>Ril.TURE
56 162 :'92 2}6 840Number d y-dep;"'ees 94

ovel 10·C.

Percent ge of
7", 19t. 35t. 28t. llt. lOOt.whole
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In 1939 when the interval July 13th to Sept. 6th WiiS not

sub-divided, r ther ... lose oorrespondenoe existed bet'feen the

l'eroenta.,;e gro. hand peroentaJe tempe::- tu"e dur~ng each periJd.

In 1940 when thEJ owing season was divided i,to shorter periods

the size inorease was greiitest during AUg..lSt 13th to Sept. 12th.,

.vhlle the average higllest temperatures ooourred from June '.3th

to .ugust 12th. ll.'viaently other faotors t',.l.ll temp3ratu eJ are

of major impo.t noe in ~vntrollin th3 ..'0 vth durin different

parts of t.le su:.lllJler, as, for example too,1, spavn'.ng, eto. H"w-

ever, the gro lng season as a .vhole is deli:nl teJ by tempe~ature

s th~ !,rimary faotor.

Bottom temperatures taken at four st it ions from 2001, in

the upper part of PdUgll'S oreek, to 2004 in Lblpeque bay (Fi3'~)'

at in~er1als throughout the 1939 groN11g seilon are plotted in

figure 7. Comparison )f temperatures taken t 20 1 and "007

hows that the d1f:erent grow.h rates e.chibited by qu hau!':'] from

these tHO situoltione. (Fig.17) are not likely result of t3mper-

"ture .1ifl'erences. sinoe the 2001 teJTlI,eratures ~re uS',lally slightly

highE.r th n temperatures at 2007. bimll l'ly qU,dhii\<gS tdken from

r,,\<gC.'s oreek to clean bed just west of 20 3 grey. faE.ter th n

in their old locdtion, but there iE. little, if (,nr, ten:pel"iture

d 1fl'orence between the two lIllites, the temperatures at 2003 being

l~wer that. 2001 temperatur&s thrtul.,hout 1939<
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~

IIhile qu haugs generally live ~ntirely buried in tl.e. bottom

e~cept for the siphone wt.i(;h ccme to the surl'"ce, they are sOJL.etimes

p",rti",lly exposed on shcre.s here severe wave fction t=es pl",c6.

a" in, they have been f04nd :..n (;onsiuer",ble n bers entirely (.n the

surl al-e, bIllOl.lg mussels in the intertidal ..on~ of the II sin, Mdlagash,

N.S. Dr ..... G. Huntsl!llin (19"1) shoNe" that li~t s

or. t1>e gro Ith nnd sh",pe of s 11 mussels exposed ur.dc. gld.<'~. caus-

i f thet, to grow les" nd to be 11uLttd than q:ccimer.~ held unc.er

s~lllildl' conditions, '.-ut in tlw dark. It '1040 thoUght that an experi­

llient desi :ned to show the effect of li ht on the tro·;th or quahaugs

mi~ht give int"restin~ results, especialLy il musse.s and oysters

"ere included for comp rison.

" floating tray, 12' by 4' by 6', with wooden sides, and :"

wire cloth bOttOld simil",r to those u~ed in t':1e rearin" of SIntiil

oysters ..s ...onstructed in the spring of 1?5? The inside w s

divided by wOlJden plirtitions into eight equ~... com.. rtments.

alternate compartments were covered by wooden Lids and the others

Her" covered with 'Cello"lass", a flexible tr nsparent medium

reinforced by window screening ...11 the ...ood was coated w~th Ii

speci 1 ptiint :for }irotection agtiinst Ship'oYorr s. One 10_ of 'lua­

haugs WtiS placed in each of the four compart..lcm;s at one end of

toe tray. JW.ch of tue remaining four compartments w~s aubd!. ided

by wire cloth and one lot of oysters dod one lot of I:;u3sels

were placed in adjoining subdivisions. The tray NaS moored

(as shown in figure 4a) whorG it would be protectel as much

aa possiole from the wind. Su.ch a tray is floated largely by

the lids which lie just at the ... ter surface.
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'rhe tray was examined at intervals ,,1' a fe'N days throughout

the summer when any groNth of alg e w s re;:'uved, and the specimens

wp.re sCattered if they l'_tid bec.:>me clustered. In the lighted' com-

partrnents there was more growth of alp:ae th n in the dark, Nhile

in the 1 tter a heavy settlement of mussels occurred durinl': the

3unmer. none having appeared in the lighted compartments, "hen

the experiment_ was repeated in 1940 there was Dot s heavy a

growtl' of al.p;ae as in 19~9, but the set of mussels was similar.

In neither year was the prowth of Igae sufficient to clol': the

wire screen of the tray bottom nor Nas tt,ere enou/lh present between

times of cleanin for any expected effect on rowth oy deoreased

circulation. The I'reatest difficulty was in keeping the mussels

,er"r ted s they quickly formed clusters, att chinl'; themselves to

one another nnd to the tray bottom by their byssi.

In figure 12 the 19;9 growth of quahtiUgs in the light nd in

the dark may be comptired. All the light nd all the dark specimens

were considered to/lether in that year, but in 19;9 the dtita for eac

of the four comp rtments are shown separately. Very little differ-

ence S':O-'/S in the final siz of quahaug_ held in the light and dark.

In 19;9 the dark speoimens had 1\ slight ddvant ge, but the situation

was reversed in 1940, and lip:ht may be considered to have no sign­

ificant ef.'ect on rowth rate of quahaugs. It is to be noted that

rowth in the floating tray was considerb.bl.y less than on clean

beds lind trays filled ith soil. AS Belding (1922) pointed out,

quahb.ugs held out of the bot,tom do not grow as well as those

norllldlly buried.
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Comparison of the growth and shape of qua u s. l!iussels and

oysters in the light and in the dark is Ill!lde in the foll o.ving

DAR K
Specibs ,'0. o:>ize R tio

incre"se TIL

Venus
=.

~ndri 95 37.3 95 8.B .54
~ t·3 !..5

1940 31.1 145 35.1 145 4.0
i·5 !.5 !.5

50 36.1 45 11.5 .37
t·4 !.5 i· OC 3

1940 14.0 60 2P.5 45 14 • .5 .38
t.06 +.1 %..2 ±.009

O..;tre L
~jc ~

~ 20.4 50 50.5 50 30.1 .33
:t.3 +.6 -.7

1940 21.} 49.6 28.} .27

11ean size L:ean size
L I G H 'I'

Sp~ci3s S1ze Rati"

Venus
at st rt at end increase TIL

1IlIJ. • .l"ang€h nIn.
mercenari 28.5 97 36.3 97 8.1 .54--rm- t· 4 f· 4 t·6

1940 31.4 1)1 35.) 1';1 4.5
-.4 -.5 -.6

v-ytlLus Len3th
edulis 25.2 50 34.5 9.3 .37
I9'J9 t·3 ±.5 ±.6 t·eO}

1940 14.1 60 25.8 49 H.8 .40

Ostrea
t.l t.3 +.3 +.006

: w

mFica ~
21.4 50 41.} 45 19.9 .37

2t~ 4t~
±.9

194 21.0 .33



-30-

AS an 'ndex of shape the ratio thickness/len th ~as calcu-

1 Ld for the lU ". ug and Ims_el 101;S, whae tho ratiJ thickness/

... vera'e of length and w:dth las c,,1cu1ated for the oysters. The

all ~u ber o~ oyster I:leasurenonts for 194 is d:..e

the specimcns having been lost. when novare storm or. ,-,optel1ber

loth Nashed aWIY the cover3 of the li~hted c n1Jartments.

Durin both years mus~f!1s grew more in length in the da"k.

In 1959 thE-re was no differc)llce 1.1 the mean values of: ./L, but

cr;, 11 nun:.ber of specimuns fro!!: ttE: ::':ght'd co part~e~ ~ had

tJ::e >: culi r blunted appearance r0~nd by D • Hunts. "n (1<>21),

d.nd none in the dark I' d such an p,:e"ranctl. Iu ].94C t 1e mus"els

were kept _eparated throughout the summer to r€ ter extent th n

in 11'>9 nd the blunted appearancd was evident to SOI:1e da"ree in

most of the specimens. The average value of T/L Nas gred-ter for

t.t'e lisht specimens in 1~40.

Oysters gre .... considerably more in the dark f'OIDpartments than

in '.he light od tt.o thickness W'lS greater at the end of the

grOll.!.ng seasons in the lil';ht. Cysters have Ii better shape wt.en

the thickness is reater in proportion to the other dimensions <.nd

whh tt.is "nd in view .:.t mi3ht be adv nta eous to expose sm9.U

oysters to light.

It may be concluded that exposure to li~ht htis no effect on

size or shape of the qu haug, while oysters and lUu2se1s grvv less

in length b t tend to thicken wt.en ex::,osed to light.
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In Doth 1939 ltlld 1940 four beds weI' .,bnted fro. just elow

hild. water level t.o jus" beyo~c' low ,.,at l' 1 vel (Fi,.;.4).

To· determine the water coverd~e throughout the groN n~ season,

H. tide clock was operated on the l'lI:dlng sta~e nd the bei hts of

wdter, Itt whi"h each bed was just covered, were set on the tide

records. In the following table re sho m t3e proportions of

gro~tb t each ted to ~rowth just below 10"1' Wt1ter level, and the

proportion of time each bed was CO'1ered with ateI'.

Table 3.

Bed
F39 19~v

Coverage

3:8 (dre~lorh
Coverd~e f GrowthPOSition 'otal hI'S. Total hI'S.

34.f144 753 8.4

1549 40.3 14.6 1550 70.1 43.6

3777 98 •.5 99.7

3840 95.0 2208 95.8

The results of these experiments re 31'.0 in figure 10, and
the better growth in bottom trays t'ja:l in beds is sho.m.

In 1940 beds 1 and 2 Nere slightly 10'Ner in poaition thdn in

1939, while in both years there was 'lery little differe:lce in cover­

uge at 3 and 4. Better grolfth occurred in bot ye3.rs at bed -' than

o.t bed 4, but this may 1.>e expl ined by the presence of eel-'Irass

ne"r position 4, rather than by difference in coverage. (see

"~el-Grass" later).
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In the above table it may be seen t'lat the proportion of

ro~th is dlways less than the proportion f COVeI'd e, ~howing

t~'it; the n bel' of hours th t a bed is nO'''~r d by "'dter is no"

tr.d nly fdctor controllin "rowth. Variations in tempar.:1ture

dCC ~panying exposure at low tide. a "e al.YalTs more r};e at

lii 'her lev.els (fig.8). Tt.~ fffiount of food v:lilatlle for qvahaugs

m y be iffected by exposure of tha sea bottom to uir at 10 v tide.

The evaluation of t;hese and oth~r factors Ciffectin" gro.vth in the

ir.ter id 1 zone is not possibls at the pres nt tine.

t position

7,5 feet balow 10'11 v:J.ter level, 'us slifrtlY les., th n ir. the

tr ifS 5 dnd b, just bolow 10'N Nu.ter level, -.lnd the ro'vth in the

bottom trCiY CIt position 8, 10 feet below low wuter level, w-,s

sli :::.tly less thon at position 7. (Metin he ghts 0::; Se;>tember 6th

ere 59.1> 1:: .6 ....t ho.5, 38.2 ± .5 at 10.7 nd )6.8 :!: .5 ut No.8)

Repetitioll of the ex"ericHlnt ir 1'140 wit an additior~l bottom

1,1' Y 7' fe t lelow low water level sho ed th t slo er grO'llth need

not e expected in tte aeeper si.tu[tions t.nlens there is SOEe

obstruction to circulation such a,; the presence of eel <!;rass.

Growth at position 8, 7* feet low low \¥!iter level,','las the sane

tiS at position 5 in bottom trays where no eel grass was near, the

rin 1 mean heill:hts of these lots being 3').5 ± .6 and 39.7 i: .6

respectively (figure 13. No.8, 1940; figure 10, No.5, 1940).

At position 7, 5 feet below lo.v NateI' level, growth was consider­

ably less th n t either position 5 or 8(figure 13. No.7) and
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exploration showed that there was eel grass round the traY,while

nene occurred near the other trays. At the deepest position, No.9,

1 feet below low Kater level, the rowth liS slightly less than

at No.8 (figures 13, 14) and no eel rass or other obstruction w s

four.d there. Considerable difficulty w s perienced here in

getting the tray out of the n:ud since the bottom Nas very soft.

It is possible, however, that this tr y had sunk lower thlUl the

tr y at No.8, giving less circulation of ter simil r to the

bed at low water level, where the s e final height of 38.1 - .7

(fi~re 11, No.1}) was atta.ined.

~

The kinds of bottom in which quah ugs commonly occur may be

cLissified s (a) firm sand, and (b) rl;lther soft sandy mud, called

"rubber bottom". The former i:> characteristic of the shallower

beds extending from the intertidal zone outward to sand bars or

:>ho:.il areas where the bottom is 1 rgely free of muc. 7ho latter

is found in deeper water just beyond the hard bottom of oyster beds,

wt.ere qu haugs once occurred in bundance.

To compare growth in these two types of bottom, plots were

set up in bottom tl' ys, No.5 containing sandy mud fr'om beyond

low wl;lter level, and No ,6 containing clean sand from the inter­

tidal zone. In 1939 the gro'Nth of each lot was the sam~ as shoiVIl

in figure 11. In 1940 a growth of eel- rass occurred in Bideford

river just outside the low water level and was very close to several

plots long this line. The sand tray at No,6 was affected in this

way while the mud tray at No.5 was some distance from the eel-grass.
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AS a result probably, the 1940 mean growth in the sand tray was

slightly less, amounting to 7.1 mm. in height as compared to a

melin increase in height of 8.4 mm. in the mud tray.

It may be concluded from the 1939 reSUlts, where there was

no difference in the surroundings of the two trays, that kind of

bottom does not influence growth rate.

Eel srass.

Before its almost complete disappearance, in 1931 and lCl32,

from the southern plirt of the gulf of St. Lawrence (Huntsman 1932),

eel grass, .l;ostera~ L. was very abundant in areas where

quahaugs occurred. A noticeable increase in the a bundfince of eel

grass has been observed from 1938. to 1940 in the liIalpeque bay

area. It is probable therefore that many lireas wehre quahaugs

could be raised will soon be covered by the plant, and its effect

upon growth and survival of the quahaug has been given considerable

To determine the effect of eel grass on growth, beds were

planted on clean bottom and on grlissy bottom in Bideford river.

In 1939 the most convenient patch of eel grass was off Mr. Fred

England's property on the north shore of Smelt creek (figure 4a)

Two plots of specimens were set out here, Ho.12 on clean bottom,
thick

and No.13 about 6 feet away on bottom covered by XXU: eel grass.

These were left over most of the growing season, from June 13th

to September 26th. In 1940, owing to the spread of eel grass

since the spring of 1939 it was possible to locate a bed, in thick

eel grass at 17 (figure 4bl, for comparison with the olean beds

at the same level.
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The results of the experiments re shONn n figure 13.

Specimens in beds covered by thick eel grass grew considerably

les" than those in clean beds nearby.

On September 27th, 1939, a collection of quahaugs was made

on the east shore of Paugh's creek (figure 2b) Rhere eel grass

was quite plentiful but not as thick as at plot 13 (figure 4a).

rom this collection a sample as drawn,showing similar size-

frequency distritution t the s:a t or the 1939 owing season to

th t of the experimental plots. Histograms for this sample re

shorn tn figure 13, for comparison with those of a clean plot at

4, (figure 48). The growth, near the mouth of POiugh's creek where

eel ass occurred, Nas much slower than on the cle n bottom at

No.4. Temperature and salinity conditions at these two locations

"re very similar (figure 7).

At the end of the 1940 growing season results dUferinp from

those of 1939 were obtained on several plots just est of station

2003. Examination of the bottom shoNed that eel grass Nas present

on or c-lose to these plots. For example, bed 4 NaS similar in

position to bed 13 but it was partially surrounded by eel grass

while bed 13 w s surrounded by clean bottom for a radius of 10 feet.

The I"rowth of specimens in bed 4 was intermediate between the growth

in beds 17 dnd 13.

Lot 7 in a bottom tray , feet below low water mark grew much

less than lot 8 in a similar trey 7i feet alow low water mark and

100 feet farther out. Examination, in September, of the bottoD

with oyster tongs showed that lot 7 was located just on the edge

of the patch of eel grass while the bottom at B w&s clean.
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It =y be concluded that quahaugs in a bed covered by

dense eel grass grow much more slowly than qu hau~s in clean,

bed, and even thinly-distributed eel grass h s a noticeable

effect on growth. Moreover growth is considerably hampered where

eel grass does not grow on the bed itself but merely occurs

close by.

Further consideration of eel grl1ss Nill be give~ under the

hel1ding "Water circull1tion".

later circulation.

Several obs'!lrv tions on the growth rate of quahaugs in the

1939 Bideford river experiments suggested the import nee of water

circuL,tion s a factor limiting growth:

(ti) Quahaugs, as shown by the eel r!1SS experiment cn the

north shore of Smelt creek. grew much more in a cle n bed than 1n

C1 bed nearby with similar environment 1 conditions, except that

th latter bed w s covered with eel gr S8 (fi re 131.

(b) Similar lots of quah ugs planted on June 1st on the

bottom of Bideford river in beds and in wooden trays resting on

the bottom at the same level, but with the specimens raised off

the general river bottom a distance of six inches, exhibited

significe.nt differ~mces in growth (figure 14). 1;. possible ex-

planation of the faster growth in the trays as that as a result

of friction ..,ith the general river bottol:l, the r te of flo-.., of

water six inches above the bottom was greater than the rate of

(0) The growth bands on quahaugs held on clean bottom in

beds near lo~ ater level, (just 'est of st tion 2003 (figure 2))
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throughout the 1939 growing season. were consider",bly wider than

the growth bands of previous years. which had been added when the

slecimens were living near "he moutt of Po.ugJ:;ts creek lit b. The

growth b..nds aClded in 1939 by simil r specimens lit B ere also

found to be significantly narrower than the bands added near 2003.

en investiglition of the bottom t B WliS IliE1 e, find eel rass as

found scattered over the be 8, it appeared th t circulation of

wliter might be the factor of major importance responsible for the

groRth difference. Temperature and s linity conditions <it the

tHO locations are almost ident cal, lind while the bottom at the

mouth f P ugll t s creek contains slightly more ud, the kind of

bott.om has been found to have no significant effect of ~rowth rate.

(d) As determined by measurement of growth rings of quahaugs

sample from each location (figure 17), the groRth rate of quahaugs

fished near the 10N 'Nat r mark on the south hore of Bideford

river near 2007 was faster than the growth rate of specimens

obt ined up-river at B (figure 2). Temperature and salinity con­

ditions at the two locations are very ne rly the same (figure 7)

tliroughout the groning se son, and th re .vere no other obvious

diffel'encea in physical and chemical conditiGns except circulation

of water. >lot 2007 the current is quite noticeable when the tide

is rising or f ling. At B, towdrd the head of tide, little effect

on floating objects can be noted at any stage of the tide, and a

very light breeze is sufficient to neutr lize tidal current in

the upper few inches of the water.

The possibility that the nature nd abundance of food is a

factor influencing gro-wth rate ItUst not be overlooked. There is
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no 1'0 son to suppose that food conditions in Paugh's creek and

in Bideford river t 2007 <ire different, and it is gener lly

considered th t water in the upper parts of inlet& is richer in

the mioroscopic forms suitable for bivalves than is the more open

w"ter of rivers and bays.

These observations in 1939 led to the repetition nd extension

of experimental work on the effect of water circulation on growth

in 1940. In addition to bottom plots on the shore of Bideford

river vertical series of hanging trays was set up near the

middlE> of the river. A speci 1 experim nt was set up in which

simil l' lots of quahaugs and of oysters for comparison were held

in tr ys inside boxes permittin different de!;rees of circulation.

A Gurley current meter suitable for measur ent of currents in

situations where currents re slow, was borroNed from the Depart­

ment of Hydrographic Service for several weeks in September.

Measurements of currents in several situations ith this meter

have shown how the l' te of flow of w tel' varied in different sit­

uations where the growth rate of quahaugs as followed. The 1940

experiments on circulation of water tU'e described beloN.

(a) Box Experiment.

This experiment was designed to determine the effect of

different amounts of ciroulation of water on the growth of similar

lots of quah ugs and simil l' lots of oysters.

Three wooden boxes. similar except for the ends, ere constru­

cted of half-inch 1 bel:1,with dll1ltn.lona 3' a,,'long, 2' wide and

l' high. The ends of one were covered with fox "Hire of 1 inch meSh,

another Nith ooden slats spaced t" apart. and the third was board'
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over lind six ttl holes were bored evenly spaced in each end.

The ·Hood lIas coated with a special paint for protection against

shipworms and ... layer of cement 1" thic, "s placed in the bottom

of each box to hold it st tionary on the river bottom. Trays of

~" g lv nized \,ire screening vith dimensions 2' byl,' by 4" ere

contructed and divided longitudin ly into tHO compartments.

These were suspended by . ires in the boxes to give a simi19.r space

bet een tr...y and the box all around. Tarred rope bridles for low-

ering and raising the boxes were attache nd hite stripes were

painted on tne box covers so that tneir lignment on the river

On June 19th, in one comparcment of the tray of each box,

Here pl ced similar lots of 73 notched quahaugs, and in the other

compartuents 'Nere placed similar lots of 75 medsured oysters

(1939 spat). The boxes were then lowered to the bottom of Bideford

river, ne r hydrographic station 2003 (figure 4b), where the deptn

of water is about four feet at low ti e. lln oyster bed is situated

her giving a firm bottom nd there is no eel grass or other obstr­

uction for t least one hundred feet in any direction. A lot of

qU:J.haugs similar to the other three was placed at the same time in

Mud. h llf filling an open-topr>ed wooden box of size 2' by l' by l' ,

which was set on the bottom nearby. This samp~e, therefore, was

surrounded by 1301id wall 6" high. <llld the growth could be compared

with the grol{th 1 lIIilar lots 200 feet to the west hich were

held at the surface of mud tilling wooden trays.

On July 17th the boxes were taken up and the contents examined.

All the specilllOIl. were alive and there w s no fOUling by sea-weed.



etc. They were· returned to the origin 1 posit ons and not taken

up a !lin until September 13th when the specimens were removed.

measured and weighed. The mean size of the oysters and quahaugs

in the three boxes at the beginning and at the end of the x tjriment,

dIlC the Heights of each lot at the end of the experiment

shown in the following table.

7enus mercenl:lrla

llat ,0. Hat Total L - 11 at L-Wat Total
start end wt. strt end wt.

No.1
28.1closed 31.6 7333.0 73 1032 24.7 75 299

+.7 +.7 g. +.3 •• 6 g.
(34 dead)

No.2 30.8 n 34.3 73 1266 24.7 75 47.6 74 1299
medium +.8 +.5 g. +.) +.7 g.

No.3
24.7 48.9 74open 31.1 7335.7 73 1459 75 1511

1'.8 •• 6 g. 1'.3 +.7 g.

• All the quahaugs survi ed in the three boxes; growth was least

in the box with ends almost completely closed and best in the box

with end open, while in the box lith ends partially closed by sl ts

the final size of specinens Nas just midway between the finl:l.l size

1n the other two boxes. 4510 of the oyster& in No.1 box cHed t.nd

there was little ; :owth in those which were alive. All the oysters

lived in boxes No.2 and no. 3, bl.t the final sizes of these t.vo



lots were very similur, considering the extent of growth as

c;>mpared to the qu huge.

Bisto rdlll5 representing the size of the three lot;s of quahuugs

at t;he beginning andt the Elnd of the experi ent re shown in

figure 14, for comparison of growth with other lots t.eld in situ­

titiona wit~ different amounts of water circul tion.

fbl Vertic 1 series of tr ys:

At the start of the growing season, th;ree trays of the regular

type containir:g rn4d bottom nd similar lots of 73 specimens e ch

were huug from pole supported on tLipods in the middle of videford

river ut 10, 11, 12 (figure 4b). In conJunction with 9. Which was

on the bottom 10 ::Oeet belo,v 10\'1' . ter level, 1 was 7t feet below

low yater rk and 12 ",s 2,' feet b 10" low ....ter mark. Ristogr!lllls

of the si:;;es of each of these lots at the ginning nd at the end

of tte 1940 growing seaeon are shown In 'figure 14. The rOi/th of

these plots will be discus.,ed Liter ulong Nith others ooncerned

ill Current measurements with the Gurley meter.

The Gurley type current meter consists of four light .lluminum

cups set !it right angles to one another about a Vdne I(hlc~ is piv­

otted to L'ot te freely when suspended in a current. Hith !lch rot-

stion an electrical contact is m de which causes a click in an ear-

phone worn by the observer. The rate of flow of dter is determined

by timing a nu.nber of rotations of the V3.ne dnd referring to a

calibr tion table supplied with the instrument. Ji. current 'with

velocity of at least 0.25 feet per sec. is n cessary to turn the



possible for velocities less th n 0.50 feet per sec.

It ~s found th:.rL bottom curre:lts in Bideford river in the

vicinity of the experiment 1 plots co.....ldlot be measured \\ith the

instrument as they were too slo ... , but urface currents c:iused by

To compare the rate of flo ¥ of ater along the bottom with the

current t variou distances from tht: bottom, roeasureltents 'lith the

Gurley meter ere made, off the end of Lennox i.,Llnd 1:1 rf, .lbOllt

.3 Hes dom river from the Biolog cal Station (fi ure 2). The curr'Jnt

tere s fo\;.nd co be sufficisnt for the oper""ion of the muter

t ttll depth:" and re dings were I:l8.de frolll bottom to surface just

after the turn of tide on AU ust 23, 1940. Si~ilJ.l measurements

wel'e mado at Mal gasb, N.S., on September 9th and 10th, in the

channel at the entrance to the Basin (figure 3). The times for 10

or 20 revolutions of the vane are given in Tdble 5, where as !Wny

as possible 0 the readings have been tro.nsldted into actut1l

bottom, and gener",lly incre ses to....ard the surface of the N!l";er.

Summary of circulation results and oonclusions.

The effect of different degrees of cir ulation of water on

growth of Venus ~I!.~.El_ is shown clearly in figure 14, Nhere

lots 22, 23, 24. 25, and 5 are arranged in order pf the amount

of circul tion allowed the spec! s. regular increase in the

ultimate size of the qu haugs with increased cirailll tion of water
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Table 5.

Cl:.rrant measurements with Gurley current meter.

LocJ.1ity Depth Average Number Number Velocity
time Revo1- obser- feet/sec.

utions v"tions

Bldeford Aug. Bottom 105se•• 0.25
river at 2}, (40'l
Lennox Is. 1940 2' above ~6 0.4}

bottom
(Tide 4' 39 10 0.59
~Rl 6' 37 10 0.66

8' 35 10
10' 33 " 10
12' 37! " 10

Tr.e Basin Sept. Bottom
10Ma1agdsr., ·9 (12') 76s80.

N.S.,off 2' above 50 10
CL,riCe's bottom
point Botton 75

4' bove
(Tide ~)

6'
bot\om 37 10

45 10,
Bottom 101 10

The Basin, Sept. Bottom 90:" sec. 0.52
Ml:I1agash, 10 (12'l
N.S. ,off 2' above 50t 0·91
Clarke's

4'
bottom

20point 59 0.78
6' 55~ 20 0.83

(Tide tRl 10' 36 20



is seen. The difference in groNth between quah!l.ugs of lot 24

,.IT,d lot 5 is ue to th9 former ot being held o~ wire screening

n d not norJl!llly buried in bottoJl. The S9Jlle difference between

the ;;ro'Nth of oim:'l,u lots of qua. u B .eld on cle -ire screening

"nd oe1d buried in :mud in trays is shown by comp.ring 1:.h ultimate

size of specimene held in the fic Iolting light ex ~riment trliY

(1'i re 13, 194 ), with the size attb. ued in a hanging mud-filled

tray ner the surf"ce (figuro 14, No.12j. Belding (1912) ",1:'10

observea this difference in his experlme t.

The ilistogr s for lots;' 12 on !'igure 14 shm reo;ul l'

incrd",se in the fin",l size of quar.o.ugJ from the bottom 10 feet

elo.... low vater level at the middlo of Biaeford river tOW!1rd the

.;url'b.ce at the same place. 'l'he difference 1n ero',vth !it the different

t,eights was not very (lCre t lind of doubtful significance, but the

final size littained in the uplJElrrr.ost tray, No.12, NaS U,e greatest

of dny 0:: the bideford river experimantal plots "nd doubtless a

re.;ult of good oirculation of water near the urface of the river

"'S '" result of wind currents. Hilile the w tel' currents toward the

bottom of Bideford river at this location were not strong enough

or :measurement by the Gurley meter, readings COU1Cl be tWeen in the

upper several feet when 3. moder"tely strong wind w s blo~ing.

The faster growth of Venus mercenari when held in bottom

trays and thus ruised about six inches 01'1' the bottom, then when

the specimsl-E. 4'ere planted 1n the same kind cf bottom s a bed

netirby (fill'Ul'e 10, 1939 NOB.4 anc.! 5; 1940 Nos.4 and 5) may be

explained in the light of the Gurley current meter measurements.
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The rate of flow of water at Ii distance of two feet bove bottom

w"s al... ys found to be about twice s great as ~hree inche above

tot ,om, whicr. was the nearest to the bottom that the meter could

e oyeratlld • .ll. si il",r, though probably llot a" great, difference

ou.!. be eXDected between the bottom nd dist"nce of six inches

Gl'o<vth of quah ugs held in the clo"ed box (lot 22, fi@'Ure 14)

s of the same order as grwoth in the plot covere bl thick eel

grass (lot 17, fi.o;ur 13). This p.ortb """ vi"w that tb.e :,lower

jZroNth in eel gr ss is do reslilt of aecred.sed ci.'culation of water.

The importance of good circulation of water to the r' pid

growth of quahaugs is demonstr ted by these experiments. Differences

in ...rowth rate of qUtlhaugs in different loc tions (e .g. bideford

river t 2003 nd at 2007) where other environmental conditions

are simil<ir, may be expl ' dd on the lJdosis of differences in the

ero.vdin'S.

In 1939, beds 9, 10 nd 11 were est bllshed just beyond low

w"ter level to determine the effect of crowding on gt"owth. The

s1"1e of b rl 9 t'IliS 4' by 2' and the specimens were Oibout 6" part;

bed 1 w S !!lade 2' by l' with the specimens about 2 " apart; bed

11 'N ~ l' by 6" and the spociLlons were closely crowded and touching

one nother. In 1940, beds 13. 14, and 15 Nere established in the

same n:8r.ne~ tut t!'.e a.rea of e ch was slightly greater to cco=odate

the lar~er number of sj:eclmens (73) and with the same interv ls

betNeen them s in 1939 Vohen only 50 specimens were in each lot.
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The histograms in fi re 11 show a reI'l8.rkable i ilarity

in the finell size of each lot t the end of the experimer.t in

bot. 7e rs. It y be concluded th!1t clo"e c-rowding C' quah ugs

in beds does not influence gro.vth ratE:.

It is reasonable to suppose th t crowding would re\lult in

decl',,,"sed growth rate if there was un attendant shortage of food,

either due to decrelised circulation or to lin insufficient food

supply for each member of alar e number of specimens crowdecJ

into Ii small area. In mollusca normally buried in the bottom and

se""'~'ated tit Ie st by the thicltness of their v Ive , such crOWding

i~ less likely to occur than in forms like the oyster or mus"el

'Iv lch are not buried and liable to form dense cl\'.sters.

At the start of the 1940 ~rowin~ season, to determine the

el'fA ct of close crowding of quah ugs held above bottom, one lot of

73 specimens was mixed with 200 more and the whole lot pl.... ced in a

b",sket of i-inch wire cloth, w~ich was suspended 2 feet btll w low

water mark from tripods at position 16 (figure 4b).

Measured on September 11, 1940, very little growth was found on

liny of the specimens (figure 11). Comp:ired wIth the similar lot 18

held for the same len h of time on a flocltiug tray in a co partment

3' by l' by 6", with bottom of i-illch wire cloth, the gro·Hth in the

croNded basket was insignif1 c nt.

Thus it III .y be concluded that close crOWding of quahaugs which

are huriod normal1.Y in the sea bottom need not result in less growth

th n if they were well spaced. However, little frO\vth should be

expected if quahaugs are packed into crates in large numbers, as is

done sometimes by shippers.
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(b) Tatamagouche b y N. S,l _

In 1939 five beds of quah ugs as shown in figure 3 '.vere

pldnted in Malagash basin. and left through the growing season,

Each consisted of 4.5 specimens of mixed sizes ranging from 25 to

7.5 =. in height, beCdusa sufficient numbers of small quahaugs

could not be found to make up lots like those of the sm"l1 series

in Bideford river. During the summer many specimens were killed

by Polinices heros.

Measurements of specimens which were reoovered alive t. ve

been placed in classes having class intervals of 10 =., for

comparison with the data of the Bideford river series of mixed

sizes. These data are tabulated in Appendix 2. Close similarity

betNeen groWth at the tONO locations is shown.

In 1939 and 1940, uniform samples of the settlement of quahaugs

of the previous year, were taken at .50-foot intervals from high

water level out to low water level on the shore of Tatamagouche

bay (E. figure 3 l. Size-frequency distributions (figure 1.5) have

been prepared from measurements of (i) the growth during the

season when settlement occurred (by measuring to edge of "rowth

ring produced at first winter), and (iil the growth until late in

the second summer. Growth of small quahaugs at different levels

cdn be compared by examination of these histograms,

Collections of qU'.l.haugs made in M3lagash basin from tho

chd.nnel at C (figure 3) and from the bealJh nearby at F (figure 3),

exhibited different rates of growth. Current measurements were

taken at the two locations, to determine whether significant

differences in water circulation might be correlated with the

differences 0 in growth rate.
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Salinity.

Bottom salinities. in Md1dll;ash basin h ve been t ken ~ 3. 1y

.(witl. feli exceptions) throughout the open ter peri of 1939 and

1940, at three stations, numbered 1, 2 and 3 Ifigure 3). There has

rarely been a difference in salinity of more tL.d'l 1 per mille be­

t"Neen these stations. Plotting the salinitie. t ken 3.t station 2

shows that after marked fluctuations during May and e rly June,

stelldy v lue between 28 and 30 per mille was reached and I!'.aintained

throughout the growing selison (figure 9). Therefore salinity con­

cations are very similar to those in Bideford river (figure 7). and

it would not be expeoted th t growth of quahaugs at the two locations

",ould differ as a result 01 thi factor.

Temperature.

Bottom temperatures t ken at stations 1, 2 and 3

times liS salinities, rarely differed by more th n 1°C. A raph

(1'i 'Ure 9) of the temper turas taken t st tion 2 ShONS a remark­

ctble similurity to the !:Iiu.ford river temperature graph (figure 7).

In 1939 no diffl!rence was found between the length of tbe

growing season t Malagash b sin and in Bideford river. Io/.uabaugs

obtained for growth experiments had grown none before June 1st,

and no noticeablo growth oocurred after September 20th, when the

speoimens were taken up, notched and returned to the beds until

As Ii result of different tidal amplituJe and different char­

acteristics of the tide, exposure of the intertid 1 zone in the

Ttitamagouche bay rea differs from that of the Malpeque bay area.
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In both locations a declinational tide prevails, so that a

diurnal tide, having only one high end one low w"ter period in a

day I occurs at interv Is when the ran"e is greCltest. In Malpeque

bay the tidal dIIlplit de averao:es about 3 feet, the intertidal zone

is n"rrow, and "hen the range of tide Is greutest there is a single,

Short, .1ily high, and a very long, lOll tide. This results in

severe exposure of the intertidal zone. In Tata . gouche bay the :t:b[

tidal amplitude averages about 8 feet I tl.e intertidal zone 1s much

.'1ider, and during periods of I:ld.ximum tidal range, the tide does

not h ng for prolonged lengths of time at the low miter position.

It is only for several days each month that the ntertidal zone

beloll half-tide level s exposed at all. Thus there are extensive

are", of intertidal zone in Tatamagoulo:-e b,,-y w>'ere exposure lIould

not be expected to be a limiting fetor to g::-owth.

This explains ''ihy quahaugs 9.t the half-tide level in Malagash

basin grew as well as .it outer levels,and in the dyke where there

lias complete coverage, while in Bideford river the growtb at half­

tide level was much less than "t positions near low water level.

a:posure does not appetlr to limit tt.e growth rate of small

qUCllw,ugs dt different levels on the ir.t rtid"l zone of Tatamagouche

buy, thrOUghout the area inhabited by them. In 1939 and 1940,

uniform samples of the settlement of the previous year were taken

at 50-foot intervdls from high water level out to low water level

at E (fieure 3). Size-frequency distributions of the sample popu­

lations at eacll position are shown in figure 15.



-5 -

Nt 11e the nunbers pre~ent at the higher lElvels /ira too sllldll

to per it a good comp:uison of their 'llze ith the size of speci-

mens fartt,er out, the met1sure;nents bot" t the end of the fIrst

season when settlement occurred and ldte in the follo,ling sUlliI:.ler.

fall within tt~ s· e genoral size rdnlle.

bottom.

Of the three beds north of the dyke. No.1' s in I:1oder!ite

firm. sandy mUd; No.2. in soft =d; "0.3, i~ vsry soft rr;ud. 1';0

di rerence in gro'Nth rate between tee e beds is app",rent, and

it !fLay be concluded that the kind of bottom did not influence

grm.' t. Inside tte cyke, the s 11 number of sr cimens recovered

fro. ve.J hare' gravel 1l0ttorr: an bosrdJ ( '''d 5) j, :tes d f"ic It ...

comp",rison of growth between beds 4 and 5. ll.lso. tl,e ,uah uos in

bed 5 ere not nor=lly burd d, but "" j,etimes out of th3 bottom•

•; tar Circuldtion.

On September 9th, 1940, two collections of 19.rge quahaugs

were r ~o.e in the Bdsin. (aj fron the ssndy beach lit F (f1!'Ure 3).

and (b) from a cht1nnel at C, 3 feet deep and about 1 feet wide.

From the appearance of the growth rings, the :.;pecinens from the

channel appeared to hdve grown more r pidly. and llieasurements were

Ill.1de of the heigtt to the ed e of eJ-ch rinl". in 15 spec.imens of

both lets. In t ble 6 ehe verage h ts to the end of several

intervJ.ls are sho.¥n.
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T ble 6.

Intervd.l

Ena of 2nd year
n ,t~ "
II 10th II

" 12tr II

" 16th II

" 20th n

Number of ::land beach CL nrt:l
metlsurements ~ean height ,8 h3i",ht

1, 11.3 12.8011.
1, ;;.2 38.,
15 60.2 63.9
15 74.0 76.2
13 76.4 79.1
7.<; 82., Q,.<;

Me"surenents of the currents I.1t ~l,e tHO posit;ions 'Hcre made

by Mr.J .R. Jl.dd.m8, on September 12th, wner. tl',e tid 'res h If eff.

Reddings were m de only at a distance of 2 feet bove bottom :it each

place with the Gurley current meter, nd g ve velocity of 0.46

·eet/sec. In the channel as ainst 0.28 feet /3ec. em the beach,

while tl.e current at the bottom of the channel w s 0.28 feet/sec.

The f.:lstar rate of growth shown throughout ix;. the abo"e t:l.ble by

spccimer.s from the channel is very lil<:ely a result of increased

Ger.eral Conclusions.

Tel'lperature ,md salinity conditions are parallel throughout

tt.e gro.~ing seaso in the Tata=gouche bay re and the Bidcford

In T1it agouche bay quahaugs in wide areliS of the intertidal

~one fron lOn' water level to at least half-tide level, do not

Brow significantly less ttl qu haup;s havin3 complete water cover ge.

Gro'vth in these reae is similar in extent to growth ne r dnd below
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low W<1ter level in Bideford iver, but t the 1 tter location

glO·vth neur hulf-tid level is much less tt. n at lONer levels.

This is a result of re:l.ter tidal lIlplitud in T'ltama cuche bay

ar.c the l~ck of :Pl" lon:;ed 10N water ;leriods dur ne; thd times of

diurn",l tides, dS o:p;:osed tc conditions II' iceforc river.

The ~ro ;th of quah/;.ugs "as not Lfh~'3rced by tbe kind of

Faster growth of qual.augs in e. ch nnel tl an on Lhe shore

Lear y was t1p:parently correldted lit. gre iter current over the
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IllVESTIGATION OF F"CTORS LI4ITING SURTIV. L idD DISTRIBUTION

Prelimin ry exploration i 193 gave $one inform:.ttion on the

distribution of~~ in the "-.il.equ. b '/ rea, P.".!.,

a i:1 the T"t..uzugouche buy Ured, .d. ,and.,u est d '" rumtler of

actors worthy of investi ,-,tion dS Ii iUng survi:.' 1. T .is l s

1'0110 Ned by experiments and more tlxploration in 1939 "lid supp­

lerner.ted by the interviews with fishery officers nd quabbug

dshermen on the history of the fishery. In 194 field observations

have provided !!lore information on th"l iuportunce of sever",l fa::tors,

such s eel grass nd drilling by olinices heros, linlting survival,

nd study of fishery st t;istics nd gover=er.t repo~ts t> s shoNIl

the probable cause of the decline 01 troe qu:>.haug fishery bout 1912

to bo ovorfishinp: an llCk of c.ny attempts at conserv<\t Ion.

The iufor tiOIl obt,dne up to the present tiJ:le flill be pr8­

sentod by considerir.g e ch prob ble ftictor sep!1:-ately, with a view

to shoflinb the reldtive importance 01 each to the survival of the

quabaue·

S~linity.

The moot important factor limiting the distribution of quah ugs

lliUst be salinity, since they are marine forns, Suitable s3-linities

for t;heir develop ant dnd gro 'lth lie i thin the ranee of about 27 to

30 parts per Illille, as it is in situations hav1ng such salinities

that qu haugs occur on the Atlantic coaet.

Information on the lower limit of salinity below Noich qu hugs

may not be expected to survive NaS sought in Bideford river. Here
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salinities have been t",l::en at i:lterv Is throughout the. riod of

open ....ater for several ye rs. t a number of st tions from near head

of tide to lfulpeque bay. t 2001, stltion in Paugh's creek, o!'ly

few hundred yu. ds ~ron the he",d of t iae, s \1 initie' re not mu ch

lower thun t the .t:loutn 0 bideford river, except .tn the s:-ring. us

s. 0 c in figure 7. In 1940 there sIess fluctuo.t on of bottol'l

salinity at 20 1 than in 1935-, ,11th u 10'N v lue of 23.0 per ille

on May 17th nd an accompanying surface salinity of 7.8 per mille,

while salinities over 26.0 per mille occurre on the bOttOIl, for the

rest of the sedbon , when observations vere 111 G e.

Dn..gging the bot to•• of the three he ds 0" Pal;. 's creek in

Septe:Jlber 1939 shOTed thut qu hau.s occurrea u:, e clone for s e

tlistunc, s n rked on fillUr 2. 'l:hey ...re ttas able to survive

,even 10'Ner salinities tha those recorced at 2001, s nce these places

ure only several hunnre yards f::oom h"...d of tide, oi.,a it voula be

expected that the fresh water o",ld not yet be well stratified on

top of the salter ;liater folIo Lng sprin" floods of fresh water from

the land. Tbis loc....tion may be considered typic 1 of creeks

tributary to inlets or "rivers" enterin:~ ~blpeque bay, and it may

be concluded that there is practically no li.it placed upon the

distribution of qUahaugs in the rea y s linity. In other parts

of the .~tlantic coast re"ion where quahaul's oc'ur, there re greater

dif~erences in salinity bet',veen the ho_ds o~ rivers and the river

mout'ls thWl ever occur in Bideford river as, for examplo, along the

south shore of Northumberland strait where more fresh liter is

supplied by the rivers. Her it would be exreoted that quahaugs

vo",ld be I ruited to re s ne l' the river mouths where s linities



-55-

ould not. u.verage lower than bout 20 per mille. 20 per mille is

gener",lly considerell to be the 10 er li it th c n be Eurvi ~ ed by

oy"ters for ",n. len h of time, ane: 'l\;£.!h u nd OYEt I' have similar

In lQ59 laboratory experi'~er;t[J were conducted to deter'dne how

lanl" 'luahdugs of v,,-rious sizes could 3urvive in sea wu.ter u.nd dilutioI

of -.;0 ... N tel' dovr.l to fresh w",ter, o.t tem",er tures I'",n in~ from ordin-

r~ SUlTJIler tem..er..tures around 20·C. to t per"tures bove those

e er re()vrc.ed over <;,uahaug beds. ThE>se e}..jler';'ments b.re described in

cl t.;.il in tl:e ar~endix.

In thee experJments 1 I' e qu hau's, (,0 LJ. in le" 7th, lived

In 1're[Jh 'later 10.' at Ib st 50 d ys t a co.."tant t m. Jr' ture of

20·C., for at letist 10 d...ys t 50·C., 'cut for les th·n lours at

40·C. , hen placed sul1denly if! Nuter at tr.ese temper tur _s from a

terr perature of 20-':1·C. or. tho sea buttom. Q.u"haugs cf ver"go

1 r th (8 I::I:,.) lived for a shorter time than It,rger srecimf3ns in

lowered s!d.init", but even in fresh Nuter Idurvived for) d ys 'it 50·C.

When C<\; luu sword hela u.t ;5°C. follo' lng gradu",l r'se to this

tenperature at the rate 01 ",bout ~i·o. p I' hou , swll qu",'laugs sur­

vived fresh water for u. bout 5 hours, dnd on~-third seil NateI', and

t./O-thirds sea water, l'lIlch longer. During the summer of 1959 the

hil"hest temperature recorded in the interti al zone on Bideford river

was 55·C. at low tide in the afternoon of August l~tb. !it half-tid.3

;level. In 1940 the highest temper"ture occurrIng at the hilf-tide

level during the aUI'lIller was ~l.l·C.,on il.ugust 4th, and it is highly

improbable that temperatures as high as 35·C. would ever be reached

in <lny situ tion where signific<:l.nt numbers of quahau~s could occur.
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Raising the temperature of th water of v rious salinities

surr'mdine; u h~ul!'S t the rate o! 1 to lir°C. 1'e. hour, such as

• ~t be exper1en~ed in n tu:-e. s~owod th t s rviv 1 in all s lin­

ities could be complete after Ill. xir.\Url te pON.ture oi 39.6°c. had

be 11 re ched. The:e was no a1':;:r cia\;l' uirfel'<:nec .in tl,e bility to

ur ive temperature, correlated 'lith salL ity ....u hau~s held in

se", wolter with s linity incre.... s c to 51 J...no /~ nor' 1 ~urvi;red an

ir.cre,,;.so of temperature tONards 4°C. ",,5 • 1 ~B "poc.i ens id in

or<11nl;1ry sea water.

The Ii Hit of quahaugs to ,littlit n reduce s .Linity for

c :l&iderable periods of tirn.e is d ubtlesd rel ted to tile oillht

closing of their valves for the durOlt.ion of the expoe>ure. In tho

l",lll' tory experiLlsnts .it wus on:+y II. OIc.ir.'iq" "'cd '~tal' ~hOlt

specirneI:s opened tind exposed their "iphon . Dugal (1939) has

5,10' th .... t the ability of 'luaho.u:s to n int in life ",t,en closed is

rel ted to their use of calciun carbonate from the shells for

bUf1'ering.

Field observations of temperatur s occurring throughout the

open v tel' ':eriOOo of 1938, 1939, ",nd 194 in situC1tions where qu ­

au..s were living, and labJratory eXFeriments (see appendix) in

'vl ic speci ens Nl:Jre sUb~ect,ed to v",rious te p r'ture cOI:ditions

ll",Vl. iLdic ....ted th",t high temperature i itself is of no significance

s !1 r ....ctor lirr.itine the Durviv 1 of ault qu !:lugs. The importanoe

of telJ.pertiture in the e rly life hi tory h",s been demonstrated each

ye""r, wheu the mi:li temperature for sp:iwning has been several
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degrees higher th n req"ired by the oyster.

(a) Adults.

There was no I:lort<1l.ity of _ e i ,en dl:e to high tem _l'atures

in the el<lerimental plots belol'i rd.lf-tide level L III eforo river

in ny yf- r. The LiEl2:iraULl bottom temper ture at the po ition of

the 101 water hede in 1939 nd 1;140 ..re shom iI, figure o. In

figure 8 are shoNn the r.w.ximum and mini:::ul:l temperatures at the

vatious 1940 bed rositions. The hi r,est te:nperature recorded at any

position t,dS been ,5·C. Cot positio 2, durin, 10 w tel' in the after-

noon of august 14th, 1939.

In the laboratory expermients. S~ .all ';.uah"ug of less than

10 1.:.. If-h,,,;;l: ciurv:.ved high tenper tures L e30 litel for longer

. p:..riocs and had some hat higher 1 thal temperatures thJ.n h d larger

SI'ecl:nells of ,ize . J.lar to tl.ose tel in the eT.perirental plots

on tLe hore. muxi~ sUb-lethal t t.perature of 39. o·c. IdS

l·Cl<~c. for sJ::.;.ll quahaugs of dveruge lengt'l 5 1llIJ.. NL.en this t !Ilper­

ature was reached at the rate of 1 to l~ °C. per hour. In experiments

'Nt.ere u:ihaugs ere l' ised to ter peratures around 40·C. in sea

vater of high salinity, such as rcigbt result frol:l eV"-for:l.tion in

t id...l poels at low wster, survival w s as good doS in or-din ry se

tel'. The 3peciJ:lens re ined closed in these increlised :Jalinities.

~

The importance of temperature in limitin" the distribution of

biv:11ve l'lcllusC6 is concerned -Nith tbe sp NIline of adults, <is pointed

out by elson (1928). He stat d that Venus~ is found only

iI, rel<1tively e'ii sheltered are s whele SUbtropical spawning tempera­

tur lB of 25°C. are attained, ,1hile~ edulis, with Ii lo'ii spawning
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teJ:J.perature between 10 aud 12°0. is the mO;3't .lidely distributed

=rine 1 ellibrdnch in the northern tiC. ispbere.

Observations on the t' e of fpe ro>. .ce 0: q,uah \i l~rvae in

biaeforJ. river over three S iIIl rs h va sh n th~t the ons t of

pcl..ndng OCC'lrs some mat later t n in the oyster =0. PI' reltly

only ifter the N",ter te::lperature 0'1 r the qu,,~_ug beds •. s reac ed

t le st ~}OO. For e=ple, in 19}' "'0 Lrv:le 'e1'e 'ound in

11",. ton to"s until June 25rd • e. '" cotto:" te!:lper.ottur'" of c5.}00.

oecurred; in 19.39 a t.d.xinum botto'll teoperatur of 2700°0. occu-red

OL une 29th, b 'ore cJIly quantity of b.rv e p,e~red. on July 7th;

and in 1940 uLlbo stage 1 rVd.d ver." fo"nd on July l(,t , ~receded

by ..aximUJ:l ottom temper ture of 20.0·0. on July lot'l. In 1939

and 1940 to.VB were t' en regul rly at intervals of several d ys

tliroughout the seaSQn over the quahaug beds in bidefo-d river, and

dully foll:lNing the first appearance of the larvue and for several

weeks there lter so that calcu1..1tion of the rdte of gro~th might

be ,;,tterepted. The ldst d te on which =1 quataug larv9.e occurred

in the to.vs '.len, Septer..be1 11th ir 1959, and ",u ust 29tr. in 1940.

R f~rence to ·tt.e temperature recor 8 for these ye...rs (fi ure (,)

~hONS th:lt spuIJing ce.J.sed at a out the time te1'1perature of the

wat.er t the \Jeds fell t about 15°0. fter the perioe. of u=er

Loc.l,ion of aettlement.

Reference h"s 3.1reudy been !!lade to collections of small

qu",b s t 50-feet intervals from igh NateI' level to 10N NateI'

level on the s),ore of Tatamar:ouche bay ( t E. figure 3) and to
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+.he use of tr.e size-frequency cistributions (aho in f gur 15)

in deterciuing tl.e l'orlh at different positions. 'l'he , 0 l.':'sto-

runs sho.., the reI tive "bUM•.ce of qu_h.u t d' frere. t 1 vels

to the [osition at hicu the distrlbutloil "r
the bottom being fine. firm sand. Tbt>refore tho suitability of

lJotton for settleMent of uah u s is not likely to 3 Ii J.actor

limiting their distribution here. Experlm nt.., tit the Prince Ei'(iard

Is and Biologic9-l Station have shown thut quah",ugs C'f ",11 sizes

exni1.it I.O S gnific",nt borizont 1 ~lovement. and there i3 little

likelH.ood o~ IT.i ration toward th. half-tide level. The only

of bott 1 ?.38 ~~d 1939 free-g i ing I rvae occurred near the half­

tide level. ,Lymouth (1923) de ,cribes a simil r distribution of

young Pis:r.o clams at Ore",no be3.ch. Cc.lifornia; he cor-siders that

the roune tire found near the h If-tide level in maximum numbers

bec"use it is tbe level 3.t which most of the larvae reach the samd.

but t.e can offer no expldIl<J.t on for this occurrence.

In 1939 and 1940 a fe,,, quahaugs have settled on experimental

concrete-,mated oyster collectors '/bich were set out at various

dist nces from the bot too of Bideford river. up to distances of
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B feet. rone h!l.ve been found settled on collectors Nit'dn 3 feet

of the bottom, cut some have settled at dist nces of 3 to 5 feet

ti\.;"7e bottom. T1is suggests that th~ ,"-oat f vourable location

for ettle_ '1t, provided a suit~ble settli'1 mediUl!! 13 present,

wate... I sett.le ent occurred ",t t.ir;h tide, the maximum nUI:lber of

.l rVlle • a ld be expected to ettl at !l.b'lut the half-tide level,

l-ere t ... l"-/er of sottlin l~rv e auld come in cont",ct 'Nith

t.t' bottom. Further work is necessary to prove this point.

T),e i port!l.Lt conclusion to t8 r w:1 is that !:l xil!IUID numbers

of small Qudhl1ugs in the year fo11oNin ettlement C9.n be xpected

to occur ne.lr the half-tide level or. the intertidal zone. Tl- is is

very 11k"lJ the loc:.<tion /lhcre =xiI:lU1'1 numbers of free- wimming

land.e hdve settlsq.

};xpo.;urc .

..Ln 111uel'ord river the diatribution of qu h~ugs in the inter-

tid",l .GOlle i.; 11l:l1ted to the lower levele by exposure .

...o.~l;d.u~:J rl..mted ~U3t bove hll!f-tide level in 1959 survived

a'l re", while just be}a' hi 'ater level bere tLere N"S I{:.<ter

co erage for only a fe. hours or 1e " e c •. day the specimens did

not survive fvr D::lI t ,,:1 two weeks in tbe SUl"mer (1' pUre 10), and

di'Hl iI. ",bout the tlJ:ie s. c m ns of tt,,, same "ize died in ir in the

1"\.;or,,,tory cxper:r.ents. (Appe dix 1) fter quah!1ugs hdve been

out of ,Ia 81', ·there is some l:1pse 01' tine before the valves reopen

upon coverin them lIith miter -lin, and it is probable th",t the

specimens t the upper levE'l_ never opened to t",ke in Mater during
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their brief opportunity to do so. Examination of the specimens

shortly before they died showed that there was little or no

fluid in the I:l9.ntle cavity, and the valves were somet imes held

sligt!tly apart by sand grains lod ed between their edges. The

maxilll'~m temperature recorded libcve the hillf-tide level during

the SUInrIer of 1939 'Na" 3.5·C., and the survival times of quahaugs

held at this temperature ~n the laboratory suggest that death

did not r<Jsult from high temper9.ture.

Evidence of winter killing of small (]uahaugs in Bideford

river near the Biological Station was obtair.ed in 1940. In

previous years only a few specimens in their second year. could

oe found by screeniLg the bottom frOl'l high "'liter level to beyond

lo,{ water level, and these were beside "tones or near the piles

of the landing stage. Following the plant ing nearby of a large

ted of quahaugs for spawning, !!lore larvae arreared. in the water

during 1939, and in May, 1940, smlill living quahaugs occurred

wi ~h a frequency of a bout 1 per 2 square feet near low water level,

whore the bottom shelved rather steeply. Between half-tide and

low water level, empty shells of the same small size occur,'ed

with greater than the above frequency. Such winter killing was

probably associated with ice, which breaks up into large cd.kec

at these depths, moves up and down, scrapes against the bottoI:l,

!lnd often picks up and encloses such ob.iects as oysters at the

surface of the bottom, unless they are rrotected by large stones

nearby.
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Therefore, the number of Sl!l 11 u <.ugs on the snore of

Bidefbrd river can be increased by provif:ion of additional stock

for spawning. but l:'Urvi val beyond the first winter sh uld no,

be expected t derths above low ;ater lev<.ll.

Eel grass.

Observations made in the Basin, Malagb.sh, N.S., in 1935' h'ive

indicdted the importance of eel grass to the tiurvival of ,;~.all

qU<1 au -s in very soft mudd~' bottom.

In the period May 31 to June 2, a c reful searcr. was =de of

the very soft bottom along the ed e of the chd.nnel at posit ion

C, (fi re 3), Lar e quah",ugs, 6 cm. long and 1 l' ar, were very

",cum! nt but smaller sizes were ent'rely absel t betl.'een the chann~l

and the half-tide level. Exami'l_tion of the sell rinee. shoNed

that all the specimens were at least 8 years Old, and in a collect-

ion of 75 specimens the oldef:t N s 17 years. Representatives of

1 ter ap;e classes from 2 years of aGe upward ere found several

hundred yards east'vard at D, long the shere of Clarke's point.

These were scattered througt. rather dense patches of !!1ussels on

hard btt:>m near the half-tide level, and W"lre ttached to che

mussels by the byssi of the latter. Thus the bsence of young

qU'ihaugs in the soft bottcm at C .vas not due to failure to spe m

in recent years.

1 . ass 'Nas very ahundant in the Basin at llalagash before

19~1-1;32. ccording to local residents, but in those ye rs it

disappeared alll'.ost completely. Its dis p earance is discussed

by Dr. Huntsman (1932) and the opinion expressed that the disease
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was probably in Virginian Wd.ters in 1930, belng responsible for

scarcity of eel gr",ss thert! in 1931, then spread north,vl.lrd,

effecting eel grass as far liE C3.pe rlreton island and Nortt.u"lberland

strait in the Litter part of 1931. In 1932 it caused great scarcity

of eel grass on the north shore of Princ~ Edward Island and up

the "st coast of e'N Brunswick. dn unusual circulation of ,vater

bringing in tropical forms to our coast 1Ii!lj" have been rCBJOons'ble,

and ';;he exact nature of the disease is ur.known. Small ::uauJ.hgs

upon settling out of the Nuter at tnt! end of their ~ree-sw J:lrning

LJ.rval period have the ability to produce" single-thre d byssus

from a bysslil gland located in the foot. The use of the byssus

is evidently to enable the small clam to survive for year or

t vo until it becomes large enough to m"ini~"in its position by the

foot "'loce>;. The lur est qUlhaug found Nith visible byas was

e.8 mill. long «nd the tyssus 'riliS betvleen 10 lind 15 mm. long, and

very elastic. Such d .qut1hd.ug will hang suspended by the byssu s, or

if the byssus is firmly .ttached to stones and the qu haug is

pulled ",bout 5 mm. ",w",y from its position on the bottom, the

qU"hdUg '!lill return to near i t- original p0ui tion when released.

It is very prob ble th t the lar3e quahb.ugs now living in

the soft bottom at Malagdsh survived after settlement by att-

aching themselves to the eel grass which was then abundant. In

1939 small apecimens, 5 mm. long, were left on sand on the

bottom of finger bowls in the laboratory and later they were

found hanging several millimetres above the bottom from their
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byssi, which were :itt ched to the <iSS \;o,e th~m. On ugust

19th, 1940, the ability of smJ.ll neNly-settled quahaugs to climb

UI: '" durf...ce bove bottom WI1:i observed. A new larva-r (l.r n", jar

floating on the surf ce of the w ter h"d been designed to hold

bivalve larvae just below the water su.rface, and uJ.n ul; larvae

of ttling-out size h!l.d leen picked fJ.·om Ilankton tO'NS !ind pllced

inside th" ~ar. Two dJ.ys le,ter a specime.l .5 mH. long &6 seen

(;lin_ir:g to the £hus ",t b. di!.>tunce of one i':l.ch .~tove tL br,ttOI:l,

~nd from bere it clilllb"d 'nother h<.llf inch. In cli'llbir.g, tLtl foot

oxten ed ",ne. attachec. to tr,O :.1';", t .• n tt." 1'00 c '11. ted nd

the t,ody w s dr ITIl to a ne'N positivn. ~he qu l ..u t. n descended

\;y falling free for lbout one-thi.d inch =d eo...ing to aI. aurul t

stop _sa 'nst tho sid of the jar, Nhen it be II to deec r:c more

sloNly. Although it was not pOGsible to see a bysGUS tbread, one

tlst Lave be n present t" check the 1'",11 lJ:. this WilY. 1.0 pub-

lished observations on ~he climbing of snall qu haugs above thA

bottom have bee_ found. Eeld ng (1912) Cot. cribe" the settlement

of b.rv c on surfaces !l.bove bottom but nothing is said stout

cli~bill';; up I rd after settlement, a point .vl'ict, has considerable

import nce :!.n th:it it should 90110 '[ the s=ll specimen", 1:0 raise

tter.:selves clear of silt, provided supporting sur dce is ne9r.

Observ· tions on the occurrence of s:n:lll quahdugs ()f the

1939 set were m",de on July )th, 1940, bet:leen hJ.lf-tide level and

101 ;vater level on the south shore of Bideford river neur 20 7

(fL;ure 2). The river bottom here ct':lsists of fine sand which C.ln

be screened easily. Patches of eel grass between five <ind ten
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feet in diameter, were scattered over the bettor'l, with clean

bottom intervening. To compare the distribution of 6=11 quah<iugs

on cle!1n and "rassy bottom, equlil areOlS of batt orr. were sto,elled

to a depth of 2 inches in situations at the same level, E ch

sample of 10 shovelsful contained the following nunbers" of quahaugs:

Sample Clean Bottom Bottom covered with eel grass

3
4
8

10
7

Total: 28 sq.feet area 12 32

The number of small quahaugs taken O!l bottom covel"ed with

eel grass was in every Cdse greater than the numbElr td.ken on the

clean bottom ne!1rby. Thus even on a sandy bottom the presance

of eel grass favours the survd. val of small quahauBs, likely by

providing .support for attachment of their rys'lL

2!9~

On november 25th,1938, a very heavy storm occurred on the

Atlantic coast. In the l4alpeque bay area a very strons sast

wind .vas accomp!1uied by an unusually high tide. resulting in

considerable disturbance of the bottom in the intertidl1.1 zone.

In some places the shore line of Bideford river was moved back

several feet by wave action.

xamin..tion in May 1939 of quahoug beds established in 1938
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long :1 line running no.'th-easterly from the Biologic 1 3tatioD.

showed that the beds in the intertiddl z;,ne w_re dis rr",n ed snd

m;J.uy of the specimens dead. ny specimens were buried. .mder siJ.nd

up to depths of 6 inches; th e were all de d :J.od rotting meats

were till present in sor~e. Other shells ~I 1'6 t the surface

lr.d ehreds of meat were litt!:lched to some of tl;ese also. R king

the bottom at one position netll the h31f-tide level, ;;herc Z3

'3 ecim..ns h d been planted on July 11th. 1938, produced 12 sj:eci-

mens, G of" ..hich were alive. There ",as ,,0 "'l'.l'reciable di tlrbance

of the beds rom jUdt beyond the ow Nater lovel out .= .
Explord.tion of the intertidtLl l;or;e at 2 07, just west of

Port Hill wharf. at low t ide on ay 24th. 1$'3:, sllo;ved the e:r.pty

ehells of large numbers of quallQ.ugs, oyster:>, ra or-cl.'1:l:s and

otter mollusos, sCl:1ttered over tlle bottom. TlJere NUS no buodance

of empty shelle there in September 1938 j th",y all had a fresh

:<ppearance, and it was evident that the) had died recently, and

as a reeult of tte upturning of the bottom in November. 19;8.

On Septem er loth, 1939, a heavy storm occurred, 'Nith wind

,"sti=ted to be as stron", !is in November 1938. However, ~;JO tide

did not rise ffiU 'bove ordinary high water rr.ark. I'.d the wino.

clllin ed direction before liny significant dlilllage .vas done to

(juahaugs in the intertidal zone. The only damage was to specimens

held on floating tra/s.

Exp6riments hl1ve shown thl1t quahl1ugs c n re3ain the surface

a tel' burial to sever 1 lnches,a.od durine, the su=er, /lhen temp­

eratures are high not muc!; mort lity s result of stOInS right

be expected. During colder weather, when they are hibernating,
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as in November of 1938. it is very unlikely that quahaugs could

regain the surface it' buried. and smothering was p~obably the

Cause of many of the deaths observed. Or. other specimens =y

have been left on the> surface of the intertidal zone to be picked

up by the ice which forms large car-es long Bi efore river, and

killed by lew temperature. as discuSS3d atove.

evertil experiments Vlere set up in 1939 to c.eterffiine to

what extent the dis~ritution an': the 5urvival of quahaugs m~~ht

be affected by their lE.teral and vcrtica... movement.

(... ) Lateral movement.

1, 01 JUly 27th, 1939, groups of <?,u"huu,;s from three sizo

chEsee, small (1.5-29 I1J;'. 1 ight), .1E.diuD, (42-50 I;;.":.. height) and

l..,rge (.53-74 rrun. height) I.ere notched churacte:ristically und set

out on the bottom at Jefinite positions in relatioL. to stakes on

the shore of Bideford river tlBSt of 2 V). AIl interval of one

fuot was left between o"ch specimen, "nd two serles were set ur,

one just outside half-tide level on b,n sand, the other ut low

Hater level on sandy mUd, each series consisting of tbree speci­

mens fron eaoh size cl'iss.

tlt both levels a e;roup of seven small speci' ns (height 28-

30 mIl.) were plt1nted as close togetber as possible at marked J,osH-

Recovery of the specimens was at tempted on September 27th

at low tide 4 and crost of them 'oVere found ....11 the large specimens

were found f1t the same spot as planted except one at the inner

position, which h'id r:lOved 9..V':J.y 3 inches. Of tho medium sizes one

could not be found 'lt the inner position and others here had not
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moved; t the outer positio all

specimens Ner found, one h_vine; I::oved 4 inches. tbe otl r 2

Of th'3 crowdeel "recimens five re l:>c~ted ~t the i~ .cr

position, tit dlettince of 3, .5, 12, 12 ard 13 inches fre m the

centre of Fl nting. Six of the specimE'ns r!'\ ed at th_ outer

'1Jcsition were loc!lted. at distances of 1, 2, .5. 6, 7, ti d 1.5

incbes l'rcm the centre of plantin~.

AS only a very short time as avaih.ble fDr the se rch. the

failure to recover all the specimens is probably dlie to ,,11 the

1:ottOl'l surrounding thA centre of pb,ntine not being covered.

Setirchin~ the bottom at the onter positIon was easier tlltm at

the inner post tion beoause the bottom near 10·.~ vater level is

L On Ju y 31st. an experiment t i'etermine the l:lovement

of Cl<J.ah&.ugs in very soft botton !lnd in '"!oders.tely soft bottcm .vas

set "J.p'in Pugh'S orE"ek tit B (fi re 2). 200 speci~en!;. (<.2-82 =.)

cr.aracteristicf',lly notchen. WE're dropped to the bott'Jlr bet een

takes near tt.e middle of the creeK l:ere the bottom is very soft

clnc. ·uddy. eimil r lot Nas drop,;ed to the ..loderately soft

bottom libout half way to s~ore. On Septe5ber 25th :md 26th. ~lr.

Celin Hutchinson dragged for the specimens and obtained 184 at

the outer location and 170 "t the inner. GoinG over the bottom

!it tbe two pllices on the followi.ng dtiy. the numbers were raised

to 19.5 ttt the outer and 185 at the inner position.
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The qUi.ihuug at tt:e inne~ position y:e"e v"r closely bunched,

while 1;l-.o3e t the o..;ter po;; tio:: ore ~ ~C.t P Pc. re, ut ere

in31d ",n area of not r1or~ t. _r. ° square fe t. The greater

spr "ing ;is probclbly due, t least in part, to the quah u s

ftll ... ing through' It.uch greater depth of water at the outer posit­

iOll ..l.en they were put out.

From these experi cnts lnc:' f 0'11 the f ct that specimens

t;l ntad in nu:aero\;.s beds in 1939 and lQ4 h ve shown no appreci-

ble l40veaent tr.roughout tt,e 0 iT'" "e'lson, y be concluded

1. t 'iU Pugs in beas w tl. bottoms of a y a ree of hardness

ex.ibit no si5l'lit'iccl.nt lateral move ent.

(b) e·,tical movement,

1. On July 27th, 1939, qU'3.fl9.u·s from the same three size

cllsses as in experimant (9.) i above vere huried at depths of

1 inch, " inct,es, 5 illcbes nn 7 inches just outside the half-

tide level, ·...est 01 2003. Four srell, three medium and 2 13.rp;e

s ee l4ens were: buried at each depth.

",fter 24 hours 11 tl'e specim'''lls had I' ached the surflice.

Su"h "bility to regain the urface qUickly following bUli",l

could be inI·ortunt if quahaugs .vel''' covered b;r shift np: of the

bottom during storus, rrovided ION S ring or autumn temperatures

wel'e not pleva ling, wbsr thO' quahaugs would be inactivo.

ii. Sm",ll <iu haugs, aver;lging ~ mm. in len h, were buriod

to depths of l~, i and 1/8 ir.chAS in f1.ne sand in a blit ery a"
tnrough which S9u .Vliter HeJ.'J running, in the laboratory, at 10

d.' ., July 28, 19;9. By 2.45 p.m. all (3) were at the surface

:from burial to depths of and 1/8 inches, and 1 of 6 buried to
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a depth of li inches had reached the surface. By }.10 p.m., 2

more of the last lot were at the surface, and by 9 •.~0 p."Il•• a:n

had re ched the surface. The positions of the various quah",ugs

were marked by wir pointers from above. After four days there

had been no lateral movement of any specimens.

iii. 2 small, .5 mm. long, quah..ugs were placed at the bottom

of test tubes and covered with (a) soft d and (b) fine sand, to

a depth of 3 inches. The test tubes were placed upright in a

battery jar through which sea water was circulating. at 4 p.m.,

July 29. 1939. t 7 p.m.,l specimen in (a) had risen 2 1/8 inches,

the other 1 1/4 inches. Neither speci.LJ.en in (t) could be seen.

At 8.}0 !i.m. ,July }O, 1 was 2 .5/8 inches from tne bottom in (a),

and 1 was at the surface in (b). At 7 p.m. both wer at the sur­

face in ( ), only one was up in (b); the other was dead at the

bottom in (b).

These experiments show that even small qUah!iugs, .5 mm. in

length, may regain the surface within 24 hours when buried to a

depth of several inches.

Predators.

The gastropod. Polinices heros say. is tho only enemy of the

quah ug found during the in"dstigation. It was first discovered

on the bars in the Basin at Iblpeque in 1938, with drilled =d

empty quahaug shells nearby. In the following yeu.r quu.haugs were

found being drilled and 1 rge colleotions of drilled shells were

made. The size of oll:\lJls that can be attacked sucoessfully by any

~ ppears to be limited, due to tho meth d of attachment
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of the predator by curling the edges of its large foot

the v",lves of the qu haug, when the radula is near the umbo of

the lat.ter. In 991. of the drilled shells examined, the bevelled

hole has been near the umbo. In the Malagash rea Polinices,

larger than 63.0 mm. in height have never been found, and the

largest quahaug eV'3r found clrilled..,.s 54.0 rom. in l'3n tho In

1939. 5 large (height 47.5-56.0 mm.) and 5 small (height 37.0-41.1

rom.) Poliniccs were caged in the Basin, by Mr. ;r .R. Adam3, with

15 specimens of Venus mercenaria of various sizes. At the end of

two weeks the five smallest quahaugs with heights, 25.7 - 33.6

mm. bad been drilled but 10 larger specimens. 46.0 to 69.0 mm.

in he19ht, were st ill alive.

Drilling by rolinice's heros has been found to be 1 rgely

responsible for the absence of small quahaugs in the Basin, at

MUlagash, and or. the shore of Tatamagouche bay. In August, 1939,

ecreening the bottom on the west shore of Tatama.gouche bay showed

quahaugs sp wned in 1938 to be distributed on an average of 5

per square foot near the half-tide level .vhere maximum numbers

occurred (figure 15). On September 21 t, 1939, a collection at

the s e location showed that many of the 1938 quahaugs had been

drilled. On May 22, 1940, extensive screening at the same position

showed the complete absence of living 1938 stock, but l.rge

numbers of drilled shells of this size-class were found washed

up long the high water L1ark. Small qUahaugs spawned in 1939

were found in screenings on September 6, 1940, but the number of

living specimens was very small, while the number drilled was

high as shown in figul'e 15.
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The size-frequency distributions of both the drilled and living

1939 set of quahaugs at the various positions have been determined

by measurement of the first growth ring and the final size. A

similar distribution on the shore to that found for the 1938 set

in 1939 was found, with maximum numbers occurring at positions

between .500 and 7.50 fee~ from high water mark, or just beyond

the half-tide level. Small quahaugs were found higher up on the

beach than in 1939, and these had all survived, when not more than

1.50 feet from high water mark. The bottom was hard sand and gravel

here and no polinices were found.

The failure of sets of quahaugs to survive in recent years

in tne Tatamagouche bay area can be attrilluted to drilling of

almost all small quahaugs by polinices heros. Over 801. of all

dead quahaugs collected were drilled.

In the Malpeque bay area, Polinices~ does not occur in

very large numbers in places where quahaugs occur. Very large

specimens have been found near the gulf of St. Lawrence, and large

numbers of other species of molluscs have been found drilled and

washed up along the high water mark here. Occasional specimens of

Polinices~ ha've been found at D (figure 2) I but only a very

small number of small quahaugs have been found drilled here. No

quahaugs were drilled in any of the experimental plots near the

Biological Station until 1940, when three in one bed were killed

in this way.

~

No direct observation~ were made on supposedly diseased qua-

haugs until September 3, 1940,when considerable numbers of shells of
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small quahaugs in their fourth and fifth years were found at the

surface of the bottom of Enmore river, P.E.I. (figure 1). Along

with the empty shells were some living quahaugs sin,ilarly situated

at the surface, and one specimen, just dying, was found, with the

valves sligl.tly agape and emitting n unple sant odol.<r.

A collection of 193 empty shells was made in an are... of several

hundred square yards. Their lengths ranged from l4.B to 36.4 rom.,

and the growth of shell in 1940 as very little in comparison with

grm'lth in previous years. For example, from the at rt of the 1940

grow' ,g season until September 3rd, when most of the seasons v,rowth

is completed, the smaller specimens had grown an averuee 0.5 rom.

in height tl compared to 9.0 rom. in the 1939 growing season. The

larger specimens had grown about 2. rom. in height, as compared

to 9.0 rom. in the previous year.

Six living specimens exhibited the s me slight growth in 1940.

Thay r Iiged in length from 25.7 to 31.0 mm. in length, and their

growth in 1940 varied between .5 nd 3.0 "lIIl. as compared to in­

crease in height of 6.B to 9.7 rom. in 1939. One specimen in weak­

ened condition and obviously dying was found. It 'Nas 26 rom. long,

and showed only 0.9 mm. growth in 1940.

E:.1:amin:ltion of the meats of the b living speoimenll failed to

show any unusual ohar oteristics sometimes reportee in supposedly

diseased bivalves, suoh as spots or unubual colouration. Slow

growth during the season preceding death of oysters by disease

has been observed by Dr. n..B. Needler, and the deutb of G.uahaugs

followIng very SlON growth was also very likely a result of disease.

Disease in oysters has occurred during the past several years in

Enmore river, while there has been no indication of its presence.
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on the north shore of Prince Edward Island, in the IoIalpeque bay

dreasince1916.

j)iSadSEl in quahtiugs in ",ova bcoti WdS reported in 1940 by

Mr. Roy .ietitherbie, who operstes .. cdIlnery at brule Point on ..met

sound. He aescribed the opening of the valves and the apparent

de;<th of quah uga which had been piled ou the beach rter fishing

and left for several hours in sunlight before being t"ken into the

cannery. This was thOUght to be a result of disease, which he said

caused oonsiderable numbers of 6ead rod dying u haugs to occur

from time to time in localized dre s.

Piles of quahaugs have bgen L.lft near shore in Bideford river

lor days, during thA hottest psrt of the SUDllller in 1939 and 1940,

and no nortality has rasul ted. However, experiments were preforloled

lit the Biological Station at the end of the summer in 1940 to

determine the effect on quahaugs. of exposure to the sun and air.

Experiment 1.

On ugust 29th, 50 quahaugs of various sizes were placed in­

side an insulated box, open at the top, !iIld situated to receive

direct light of the sun througllOut the afternoon. By 2.40 p.m.,

temper..ture of B10)!. was read on 8. tnr mometer placed beside the

specimens. tel' three days in the box bl.l the specimens Nere

alive, but on Au st 30th ..nd 31at the sky "'liS partly cloudy

high temperatures were not reached.

Experiment 2.

The insulated box was provided with a glass cover, and 100

quahaugs of medium and large size fished in Bideford rLver, were

placed inside on September 2nd. The specimens were piled about
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ten deep, and a maximum and minimum thermometer was placed beside

the specimens in the upper layer. The maximum t mperatures recorded

in the box over several days, with the sky conditions t midday

Sept. 20
21
22
23
24

Me.ximuI!l temperature reached

106"F.
118

66
108
118

Sky

Clear
Clear
Dull
Clear
Clear

None of the specimens died. Se"eral on the surface were open 1 to

2 nun. when thc temperature was high and they lost a few drops of

shell liquor at this time. In the evening, when the temperature

fell, all specimens closed tightly.

The experiment shows that very high temperato.lres can be

survived by quah ugs from Bideford river, even when exposed to

the air. It would appear that the quahaugs wi ich died at Brule

point, were suffering from some unusual condition, possibly the

so-called "disease", the nature of which is not known.

In 1914, large numbers of ~uahaugs, supposed to be suffering

from disease, died in shipment from Buctouche, N.B. to Chicago.

The greatest losses, amounting to from 13 to 60~ of shipments

ranging from 15,000 to 65,000 specimens, occurred from Jqne lOth

to July 8th. An investigation of ~he causes of deatl~ was attempted

by Dr. Phillip Cox (1916), who was unable, by microscopic examin­

ation of the fluid and organs of nuuiy epecimens, to find any
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trace of disease due to pathological causes. Several experiments

>luggested that th losses could be accounted for by the I!l/mner of

storing qU;,thau S before nd dur ing shipment. when there was little

consideration given to crowding and teillperature v",ri",tion.

In the li~ht of later evidence of disease in quahau.o:s, it

l:lp~ears probable that the clams referred to by Cox were suffering

from a we ker.ed condition, ,.hicr. he seemed to dOll t, Irdking them

unusually susceptible to crowding and temperature v riations.

Rate of GroW!!!

Before June 1st, 1939, collections of 11.10 quahauge were l!lIide

in Paugh's creek (ll, f1 re 2) and in Bideford river nelir Port

Hill wharf (E, fi re 2). Measurements were taken with vernier

calipers of the height of the shell to the end of each year!!]

growth, beginning at the second year, anrl these have been grouped

into cb.sses of 2 mm. height range. liei ht-frequency polygons

have been oonstructed to SLOW the distribution of size at the

end of eaoh year. These polygons have been plotted along the

ordinates corresponding to the v..ricus years. and when the medians
size

of e ch distribution are joined, the ge-a.Xx relatIonships at

e ch locd.tion re obtained, !is shown in figure 17.

Plotting the d ta in this nner shows the variation in

height at the end of each year, and the range of time within

whioh quahau/ls may be expected to reach a particular size can be

readily s en. For example, to determine the time required to

re ch marketable size, a line has been drawn at the height corres­

ponding to the minimum marketable length of It inches (determined
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from the heigllt-length relationship, figure 18). It is then clear

that at Port Hill whar , quahaugs reach marketable size in from 4

to 7 years, while in Paugh's creek 6 to 9 years are required to

The growth rate of quahaugs i3 slow as compared to that of

oysters, which can reach marketable length of 3: inches in 3 or

4 years. This difference in growth rate has not been appreciated

by oyster and quahaug fishermen, and is pI ably the re;l.son f r

the severe overfishing of qu haugs which has occurred in the past.

This will be discussed further in the following section.

Rate of Removal

qualiaug fishing in the past and its effect on the survival of

quahtiug ; first, yetirly statistics and reports of fishery officers,

published by the government of Canada, nd second, quahaug fishermen

and fishery officers who have been interviewed.

(a) FisherY Statistics and Reports.

Usually a complete history of the fishery of any commercially­

important species can be obtained from the Annual Fishery Statistics

published by the Canadian government, but this has not been possible

in the case of the quah ug. Prob bly because the value of both the

soft-shell cltim (Kya arenaria 1 and the qu haug fisheries have been

low for considerable periods of time, the catches of both species

have been combined frequently. Since 1935, separate listings have

been given for quahaugs in each province, but before this time

catches of qU<ih ugs ere al ays combined with clam catches in

Nova Scotia, nd sep<irate catches of quahaugs in New Brunswick

were listed only from 1911 to 1914. Fortun telY, more complete
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have been given for Prince Edward Isl..nd, r.ere quahaugs were

li ted separately from 1905 until 1914. This i:lterv<11 evldently

covers the only time when qu"haugs h v been fished intensively on

Prince Edward Island, as previous to 1905 the combined fi res for

cl ms and quahaugs were low, fluctuating aroued 1000 barrels per

yeur, and after 1914 there was little fishing.

The total annual catches of quahaugs in Prince Edward Island

and the annual catches in the Malpeque bay area alone are "ho·.vn

graphic:illy in figure 16. The percentage of the total prince

Edw rd Island catch comng from the lIalpeque bay re increased

frc.n 24~ in 1906 to 49~ 1n 1907. and 1913 it h d reached 92

of the total catch. Thus the relative linportanne of the Malpeque

bay fishery was laroSe during the boom ye rs, and a coneideration

of this area along should be sUfficient to show what significant

oonditions existed in general.

Th"J great increase in the oatch of qu haugs in 1906 and 1907

was a result of a market opening in the United States, aocording

to the report of Inspector Matheson of District No.2, Prinoe Edward

Isl!illd, in :1.906. The marketed value of quah ugs from all Prince

Edward Island in these two year:J is listed at 95,424.00 and

96,572.00 respectively. The catoh fell off very considerably

in 1908 and Inspector Matheson suggested that "this industry is

becoming eXhausted ". The slight increase in 1909 was attributed

to greater activity of fisherllien, and he warned that "in a very

short time quahaug fishing will be a thing of the past ". In 1911,

following the peak of 1910, Inspector Matheson reported that "the

quahaugs are getting scarce and being fished out". "Fishermen can
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scarcely mtLke a fair day's wage at the work. Our eI'ican neigh-

bours are importing quahaugs for the purpo38 of cultivat on of

their own waters dnd our public beds are becoming depleted."

This irnrorta.t10n of <J.uahaugs into the United States .vas

referred to by ...elding (1912) -Nhen he suggested that small quahaugs

I4assachusetts, where a set did not occur naturdlly. In another

inst nee he _wrote "at tlle present time (1912) a considerable

number of small quahaugs of peculiar color, shape and flavour

"re ship:;>ed from Prince Edward Island".

Following another increase in fishing In 1~13. thp catch

was extremely low in 1914. This was attributed by D. Morrison.

new fishery • .o.spector, to the market value being low. There

c:u:. be no doubt, howoYer, considering the slo\. growth of the

quahaug, "ud the fact that the smaller sizes WLre most desired

and orought better prices, that overfist.in had, by 1914, re­

duced the qu haug populations on the beds to d ver,y low ebb.

(b) Personal interviews.

Interviews with q ahs.ug fishermen and fishery officers on

the past historj of quahaug fishing in the Malpeque bay areas

are outlined in API'endix .3. The description by 14r. Colin Hutct1inson

of the large numbers obtained daily by nUlLerous expert rishermen

who knew nothing about the rate of growth and age of their catches,

is enli htening. It corroborates the report or c.verfishing made

by Inspector Matheson in the government reports referred to above.

It may be concluded that the marked reduction in abundance of

quabaugs in the Malpeque bay area aro'md 1912. was largely due to
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the rtlte of remov!!.l being too rtlpid, and in excess of the rate

of produotion and rute of growth of quahtlugs.

Breeding stook.

lor the r te of produotion of quahau s to keep p oe with

the rate of removal of fishing, predators nd other oauses, it

is important that an adequate supply of breeding stook be ava:l­

ble ••'/hile the number of eggs and sperms produoed by one individ-

ual m y be enormous, as oan readily be seen by examination of the

gon ds of ripe speoimens, suooessful fertilization of only a small

proportion of the eggs oan be expected. Iso, the young quahaugs

must le d hazardous existenoe during 1;he free-swi ng period

when they are members of the pl nkton.

Careful searohlng of the bottom of Bideford river for sm 11

quahaugs in 1938 showed that they were very soaroe everywhere but

near Port Hill wharf (E. figure 2), where speoimens in their seoond

year of life were distributed near tht' half-tide level, with

frequenoy of about 1 :Per square foot. Nearby. large qu hugs were

u,ore bundant than at any other plao in the river. Up-river,near

tho Biologioal citation, large qu haugs w re soaroe, but small numbers

of larvee wer'e identified in the 1938 plankton tows.

In May 1939, a bed of sever 1 h ndred edium to large sized

quah ugs was plunted just beyond low water level east of the land­

ing stage of the Biologioal Station. During the summer, plankton

tONS were taken regular-ly over this bed, and a great increase was

observed in the number of quahaug larv e over the number present

in 1938. Screening the nearby bottom in lIay, 1940, showed that
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small living quahaugs were distributed ne l' the low wat:3r level

with a frequency estimated at 1 per square foot, wh::'le iushore,

s described above, many empty shells of the s e age-class were

found. In the two previous years no de small qu hau s ere ever

found near this location, only two small quahaugs in their second

year of life were found in 1938 after extensi ve scree ne along

:leveral hundred yards of shore.

Reference h s been, de (1'.8) to the spaming of Venus ~­

cenarill. at Milford, Conn. ,as males during the first seasun of

gruHth and as either sex, beginning in the second season (Loosanoff

1937A). To determine accurately the onset of sexual rm.tur'ty,

Loosanoff found that it was necessary- to examine seriel sections

of hundreds of smal:' qUahaugs.

1lhile it has been impossible as yet to I!lake sue!: intensive

histoligical studies on Bideford river quahaugs, several obser-

vations in 1940 have indicated that quahaugs also n:ature at an

arlyage in C!lIl dian "..aters. t monthly intervalS, collections of

srr.all quahaugs wer made near Port Hill wharf (E. figure 2), and

smears of the body tissue in the region of the gonad \Vere examined

microscopioally. On July 15th, al;tive spermatozoa wero found in

several p oimens v'hich were in the second year, but ova could not

be identified with certainty in any specimens. "lowever, SI;Jears

from quahaugs in their third year and older, showed either O"/a

(appardntly mature) or active spermatozoa, and there seemed to be

equ 1 nl1lllbers of IIllile and female qu haugs. Therefore, quahaugs

in Bid ford river can reach maturity at leas'\; by the third year,

and males may mature in their second ye r.
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It may be cono::luded that the present distribution of quahaugs

in Eideford river is limited to a reat extent by scarcity of breed-

ing stock. Owing to the eurly age at .vhich qu h!iugs reach e xual

lL;>.turity thi:3 scar·city should be quickly overco:ne. if increased

'. stock could once be established.

Studies of Venus mercenaria have been IM.de in bideford river.

P.E.I. and Tatamagouche bay, N.S., locations wtich are typical of

qu haug-producing areas in Canada.

It has been pr07ed that the age of quahaugs c n ba detertl~ned

by counting gro.vth rings, and the rate of growth can be clloulated

by measu~ement of the shell height to the edge of yearly rings.

by this method the growth rate of quahaugs from different loc~lities

can be oompared.

To determine the effect of various envIronmental fl'ctvrs on

the growth of quahaugs in partiCUlar location, speciel methods

of holding s.llJlples in beds and trays have beeL developed.

There is no evidence that salinity limits the growth of

qU3.haugs throughout Bideford river beds. Following sprin!,: thaws

and autumn rains, m rked vairutions in oalinity may occur between

the head of t ide and the entr nce of the river into Malpeque bay.

but during the greater part of the grolling season fluctu& tions

in salinity thrOUghout Bideford ri1'er re usually slight. Salinitie'

in the Tatanagouehe bay area are very simil r to those in Bideford
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The growing season of qUahaugs in Bideford, river is short I

being delimited by a mi imum bottom temperature of about 10·C.

Generally there is no growth before June 1st, lind little, if

any, occurs after September 15th. In the Tatamagouche bay arda,

the growing season is of similar duration, the temperatures being

parallel to those in Bideford river. The growth rate during the

growing season is not controlled by temperature alone.

Light has been shown to have no significant effect on the

@rowth rate or shape of quahaugs.

In Bideford river the area suitable for good growth of qua­

haugs above low water level is very small. This is a result of

small tidal amplitude (averaging aboutt 3 feet) and prolonged

exposures of the narrow intertidal zone at low '~pring tides. In

Tatamagouche bay the tidal amplitude averages about 8 feet, ex­

posures at low spring tides are much shorter than in Bideford

river, and good growth can occur over wide areas of the extensive

Observations in Bideford river have indicated that grow~h

beyond low water level is not influenced by the depth of water

over quahaugs, up to 10 feet.
signi­

The kind of bottom in which quahaugs were found has no lli:J[i:~-

ficant effect on their rate of growth.

The growth rate is much reduced where eel grass occurs on

the quahaug beds, and appreciably reduced by eel grass near but

not actually on the beds. However, ~el grass may favour the settle­

ment of the young.
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The growth rate is proportional to the amount of water oir­

oulation over the beds. ;Vater ciroulation is pro ably the most

important raotor determining the more rapid growth in downriver

looations than in looations near the head of tide in l:lideford river.

Crowding of quahaugs when they are p~anted in beds in Bide­

ford river does not influenoe their growth rate, but qu haugs

whioh have been orowded into wire oontainers and held above bottom.

grow very little.

In Bideford river there is no signifioant limiting of the

distribution of settled quahaugs by salinity and tel'lperature. and

they may ooour to Within a few hundred yards of the head of tide

in the inlets. Laboratory experiments have shown that quahaugs

can survive exposure to sea water of lowered salinity and even to

fresh water for days at ordinary summer temperatures. The highest

temperature recorded during 1939 and 1940 in the intertidal zone

of Bideford riverNas 35°C. in August 1939. nnd quahaugs survived

this temperature in the laboratory for at least eight hours in

fresh Hater and for twenty-five hours in sea water. The maximum

temperature that quahaugs of various sizes n survive, when

subjeoted to temperature inorease at the rate of 1 to ItoC.

per hour, is between 39.5 and 40.0 0 C.

Larger sizes are affeoted by high temperature sooner than

smaller sizes. while the smaller sizes appear to be affeoted by

lowered lIl.linity sooner than larger sizes. Q.uahaugs survived high

temperatures in tnoreased salinity as well as in ordinary sea water.
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The distribution of small quahaugs, as shown by observations on

the shore of Tatamagouche bay, appears to be determined by the

location ,of settlement of the larvae. A few occur just beloVl'

high water level, and the number inc.'eases to a maximum near

half-tide level; farther out, there is a sudden falling off in

the abundance of small quahaugs, and none have been found as

far out as low water level.

The general distribution of quahaugs is limited by the

temperature which must be reached before spawning will occur.

In 1938, 19;9 and 1940, spawning did not begin in Bideford river

until a temperature of at least 23·0. had been reached. Spawning

continued until about September 1st, as a gradual process.

On the shore of Tatamagouche bay, exposure appears to have

no importance in limiting the distribution of small quahaugs ,after

they have settled, since there was no evidence of mortality, except

as a result of drilling, in collections made to within 100 feet

of high water level.

In Bideford river, While quahaugs can survive exposure to

air in summer fo*t least 60~ of the tims, and thus inhabit the

intertidal zone from low water to above the half-tide level,

their survival over the winter is hazardous, in any part of the

intertidal zone.

Evidence has been obtained that the presence of eel grass

favours the establishment and survival of young quahaugs on very

soft bottom following settlement.

Storms of unusual intensity, during cold weather. may result

in the death of many quahaugs in the intertidal zone, This is pro­

bably a result of the quahaugs being in the hibernating condition
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and unable to re ain the surface if they h ve been buried, or to

bury themselves if they have been exposed.

During r "Elather. qUdhaugs can regain the 8U::' Ilce if they

are buried to a depth of several inches below their nor 1 posit­

ion 1n the bottom, but they are very inactive insofar as horizontal

movement is concerned. It is very improbable that the distribution

01' quahaugs could be influenced by migr tion.

Very high mortality of sllll111 quahaug:; on U.e shore of Tat ­

r.B.ll:ouche bay results from drilling by Polinice ~,the only

predator found here. In one location ",11 the 1939 settlement t

the position of maximum settlement w s Killed by drilling, und

only those on hard bottom near high water level surviv d until

September, 1940. At the present time there is no serious loss

of quahaugs in Bideford river as a result of drilling, although

Polinices~ occurs in downriver locations.

Disease among quahaugs has been reported frequently. For

example, large nu:nbers of quah ugs died, in Malpeque bay, apparently

s a result of the disease, in 1915. In 1940, disease was reported

in Nova Scotia. Also in 1940, collections of quahaugs, appareltly

diseased, were made in Percival river, P • •1. There have been no

reports of quahaugs suffering from dise se in Bideford river and

Malpeque bay since 1915.

The rate of growth of qUahaugs is slow, 5 or 6 years being

required for the minimum marketable length of 1 inches to be

reached in most favourable lac tions. This slow growth was not

appreciated in the past, and a marked reduction around 1912 in

the abundance of quahaugs in many areas can be attributed to the

rate of remov 1 by fishermen being in excess of the rate of pro-

duction
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duction and growth.

Observation of increased numbers of small quah ugs in Bideford

river, following the provision of increased numbers of large speci­

mans nearby, has indicated that the pl.'esent distribution of qu haugs

is limited to a considerable extent by the sc rcity of breeding stock.
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Appendix 1.

Durin" the simmer of 1939 sever 1 experi nts 'ere conduct'ld

at the P .E.I. Biolo c 1 Station with the purpose of det rmining

the eff ct of varying temperature nd salinity on surviv 1 of qu ­

h"ugs of different sizes. S=ll qUahaugli in their secolld • ear of

groflt were obtained for the ex! rlmem;s t Malagash. N.S.. nd

beld in finger bo....ls on the Ilea bottom at Ellerslie until re dy

for USE>. Medium and large size wera ob,; ined at Ellerslie and

held a the soa bottom in crate" until neecied. 'I'hree constant

temper ture~ cabinets, each consisting 0" a well-insulated box .vtth

" tray of galvanized i on. supported in ide so that free ci cl.clation

could oeCl:r around it. were available for the experiments. Finger

bowls or otber container5 for specimens were placed in the tray

and surround sci. by water. The temperature of the cd-binet was main-

td.in~<l by n electric light bulb. controlled by " thermostat. the

bulb being situated at one side of the cabinet and separated from

the .vater tray by an air space and screen of corrugated paper.

Expel' nt 1, To determine the survival til!les of 1 rge. medium."nd

s 11 quahllugs. in sa water and dilutions of sea water to fresh

water, and in air, t three different temperatures. 20·C •• 30·C.,

0=11 quah ugs ranging in length from 71 to 92 lJIll., mediun

sizes 31 to 3' =. long and large quahaugs 58 to 64 =. lung, which

had been held on the sea bottom at temper tures of 21 to 22.oC.
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On AUgust 4th, sets of epecimens consisting of one frum each

size cla:>s were placed in finger bowls containing 210 cc. se water,

2/3 sea water, 1/3 sea Nater and fresh water, in t"er o"t ts at 20,

)0, and 40·C. One set 'Has exposed to the ir in each temperature

cabinet. The fresh water was ottained from the ell at the Biological

Station, nd this 'v s used in Jnakin up the dilutions of sea w ter.

Obtierv tions on the condition of the specimens were de at inter.

vd.ls. The criterion for death was opening f the .:ihell al'les dnd

failure to rereain closed '{he, pressed to ether. The Gr.ermostate

were kept in diff ,rent parts of the Biolo'lc 1 St tion to facilitate

trie rraintenance of the various tempe-atures; tho 40·C. cabinet being

in the upstairs laboratory, the 30·C. cabinet in the basement, and

tt,e 20·C. cabinet in the sub-basement. So situated, the tenper..tures

of each c ...binet remained constant to within one degree C. Ii'here

specimens continued to live after sev.,., 1 days, the .vator in the

finger bowls vas changed at il1tervdls of four or five dayll.

The survival times observed ax;e as follows:

Alive after
90"days

Fresh
w tel'

Y.
S.
L.

s:
L. 39 days
Y. 20 days
s. 10"
L. 30 II

M. )9"
s. 7"
L. 15"
M. 24"
S. Alive at 60

days

12 days

13 "
13 "
10 "
28 II

rtex54days
1 d ys
10 II

~ "
10 II

3 II

12 II

13 II

20 "

Less than 80 min.

3 to b hours
Less ~han 80 n.

It to 3 hrs.
Less 'l:han 80 min.

It to 3 hrs.
Lass ~han 80 min.

It to 3 hrs.
6to;6hrs.

Alive after 26 hrs.
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Experiment 2. To deter ine the miXi un ,temperature th t can be

sur ived by qU"lh ugs in sea ~ater. sea Yater il'.lted ith fres

water, and fre:" w tllr alan', f'olloiVing 11 te peratur"l ri.,a of 1

to 1 °0 ...er hour above 'ibe te:!lperature on the 6"la bottom.

(a) Preliminary experiment.

On Au~st 13th,1940, 5 small {lengtt; 4-5 =. ~ 'and 1 larger

(len tl 10 =.) quaha\.gs vere placed in e ch of 4 fineer bO"ls

coz;.t~i..'ling se ,yater, 2/3 sea vater, 1/; ea ;yater and fre"u ,yater,

in Ii thermost",t c!ibinet. Thil salinity of the 3ea at r Nas 28.6

Fer mille. From an iI:itial temperature of 22°0. to 23°0. at the

sea bottom. U,e temperature cf tte lutiono> surround in the

specimens wes raised t tl:e rate of 1 to It o .per our.

Tte temperatt:ro of the water in the 1 ingerboNls was 2;.0°';.

at 9.,0 a.m. 'o\'r.en the experiment was arten. Ey 8.50 p.m. the

te:!!l.,er ..ture {(<.os 39.5°0. ~nd from 9 p.lU. to 9.25 p.m. '" teulperature

of ..-9.6°0. was naintalned. At this t':'r:.e rn:my specimens in all the

fin~er bo.ds were open slightly, an tbose wI" ch were closed could

be pulled' apart easHy, for" short dist<J.nce. The heat inB bulb

"as turned off and the specimens were allo' "d to cool. ...t 10.40 p.lIl.

running sed water vas direoted through the bo",ls.

At 10 a.m. ugust 14th all the specimens held in fresh ,later

during the experiment .vere dead, 2 small ones in the 1/3 sea wliter

bow) were closed and resisted opening, and the rest wer de d. All

in the 2/3 sea water bO;ll 'Ncre dead, anu 3 small ones in the sea

bowl were closed and resisted opening. Sea ; ter was left running

over the closed speciI:lens.

o August 15th the only closed specimens were two in the sea

,yater bowl. These were placed in a dish of sea tar it. a
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inch of sand over the bottom. On August 15th one of the quahaugs

had buried itself, while the other w s still on the surf ce ot

tbe sand, but its valves were slightly apart and the siphons were

extended. Tbftse were draNll in and the valves closed when touched.

(b) Repetition with more specil'lens.

On Septembel' 15th, 25 small (length 4-5 rom.) liIld 5 medium

shed (length 20-25 !pill.) quahaugs were placed in each of 4 finger

bowls containing sea lIater, 2/, sea Nater, 1/3 sea water and fresh

WiJ.ter as betore. The salinity of the sea water W s 28.8 narts per

mille. The temperature NaS raised at the rate of 1 to It·C. from

an initial temperature of 16 to 18·c • .¥hen the critical temperiJ.ture

suggested by the preliminary experiment was neared J samples 'Nere

reTTlOved at intervals and allowed to cool. Observations made through­

out the experiment were as tollows:

At 6.15 a.m. the specimens wera transferred from sea water at

17.5·C. to finger bowls in the cat>inet at 20.0·C. By 4.05 p.m••

a temperature of 33.0·C. was reached; all specimens in the sea

water bowl had their siphons out while the specimens in the other

bowls were tigbtly closed. A sample of 3 small and 1 medium sized

specimens was removed from each bowl to sea water at the same temp­

erature and allowe~ to cool.

At 7.50 p.m. the temperature was 35.0·C. All the specimens

were closed except one in the sea wat'!lr bowl.

At 8.55 p.m. the temperature was 36.S·c. and another sample of

4 specimens was removed from each bON1.

t 10.30 p.m. the temperature was 3S.0·C. and a third sample

of 4 specimens was removed.
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...t 11 050 p.m. a teoperature of 38 .6°c. w s reached. Ex",min!ition

shoNed that the condition of the quahaugs -.va3 similar to th~t in the

preliminury expe=inent at this temperature. The m diU!ll sized SJ ecimens

could be pulleJ. p rt about !- mm., offering no resist9.nce this far.

In a few specimens the valves could not be ~oved .....11 the specimens

were placed in se", water of 39.)oC. and llowed tc cool. At 12.26 a.m.

the nledium sized quahaug& in the sea water bewl were !ill olosed. and

those in the ott.er bowls cloced up and re ined closed '.en squeezed.

No di.ference i:1 the condition of the s=ll s:;>ecime!ls coule be seen.

At 9.30 a.m. ,September 16th, Ii tile =11 qu.J.haugs that had

been raised to 3906°c. seemed to have recovered a they had all

cl.sed up tight:i.y.

At 9 .m. september 17th, all the small quahaugs were alive, as

their siphons were exit ended , and they closed vhen disturbed. The

medium siztld speoimens were also live.

Observations on the condition of the smnples removed at different

temperatures were made fcllowing t1'.eir reJrov ;. In flvery csse all

the quahaugs survived. Those from the sea water bowl always began

to recover first. extending their feet and siphons wi thiJ'l 15

minute • Tfio!'lfl from 2/"3 and 1/3 cea water behaved similarly show­

ille; activity ix;. 15 to 20 miuutes, while ths specimens from the

fresh water bowl did not begin to open for 26 to 30 minutes, except

for one specir.len taken out at 38°c. which had its siphons extended

10 minutes after remova;. Of the specimens re:noved at 38°c. the

largest of the three small quahaugs from the fresh water and 1/3
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Experiment 3. To determine the survival times of medium and small

sized quahaugs at 35°C. reached by raising the telliperature at a

rate of 1 to ltoC. from the temperature at the sea bottom.

On September 26th at 9.15 p.m., 8 small quahaugs (length

6 to 10 mm.) and 3 medium sized quahaugs (length 30-40 IrlIIl.)

were placed in finger bowls containing sea ~lSter, 2/3 sea "'ater,

1/3 sea water and fresh water at a temperature of 18°c., in a

cabinet adjusted to give a temperature increase at the rate of

1 to ltoC. per hour. At 2.10 p.m., september 27th, the temperature

was 35°C. Observations on the condition of the quahaugs after

this temperature was reached and maintained are summarized in

the following table.

Siphons out

8 "

16 "

1 " weak
8 small dead

25 " 3 mediuJl daad 3 medium weak
6 small dead
2 " waak

28" 1 medium dead 1 medium dead 2 medium dead 3 medium dead
o small dead 1 small dead 3 small dead 6 small dead
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Experiment 4. To compare the bility of quahaugs to survive high

temper/:iture in water of salinity greater and less than the ordinary

sdlinity of Bideford river.

lleasured qUdntiti9s of se water wera evaporated to dryness

end the resulting salt added to 210 cc. s&Jllples of sea wdter,

dVing concentrations of 5/3 and 4/3 the ordinary sdlinity of

Bideford river (29.0 per mille in this eJl.periment). 10 small

(lenth 5-1 mJ:l.l and 2 medium sized (length 32 to 36 mm.l qua-

haugs taken tron;. the se bottom at 14.5°0. were pla.ced in finger

bowls containing 5/3 sea water, 4/3 sea ",ater, sea Wtitr.r and

fresh w ter tit 9.30 a.m. September 29th. The temperature was

raised at the rate of 4°0. per hour until 40°0. IV 5 I"eac-hed /:it

3.10 p.m. This temperature was maintained to within 1°0. for

several hours, and the condition of the specimens was examined

At 3.15 p.m. 1 medium and 3 small sized quahaugs were re-

moved tC' the a ir and allowed to cool. When removed they were all

slightly open and the valvea could be moved apart or closed for

a short dJ.stance with no resistance. In a short time they were

all closed nd seem to have ~§ §Fed. They were returned to the

finger bowls in the cabinet.

At 5 p.m. another sample of 4 specimens was removed from

eaoh fin er bowl. They were placed in se w ter at 35°0. and

llowed to cool. When removed the quahaugs were all slightly

.pen, while the medium sized specimen from the fresh water bowl

h/:id its siphons extended in 0. limp condition. il.t 9.00 a.m.

September 30th, 11 the specimens from 5/3 sea «ater, the 4/3 sea



-98-

water and the sea water bowls h'ld recovered, but the medium sized

specimen nd the largest of the 3 s 11 specimens from the fresh

. t 8 p.m. Septenber 29th, after 5 hours at 39-40·C. the

fin er bowls wer", all removed from the c:ibinet nd allowed to

cool. EX3.l!lined at 9 a.m. on Septe er 29th, the only s ecimens

de.id re 11 the sr.Jall C],uah!iugs held in fresh water at 40·C.,

the medium sized quahuugs held in fresh water having recovered.

During the increase of temnorature to 40·C. n September

2n th, all the specimens except those in sea ater r€'':!lained closed

unt 11 a tenperature of 38·C. was reached, when they began to open

in all the salinities. "'hus when quah ugs are exposed to unusually

hi h or unufOU lly lo'\' salinities they rem9.1n closed t oaerate

temperatures. _ t exceptionally high temperatures, quahaugs in

high sa] inities can survive as well as quahaugs in norm 1 salinity,

while quahaugs in fresh water c nDot survive as long "'\1 exposure

to high temperature.
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Appendix 3.

ERSONAL INTERVIEWS ON THE PAST HISTORY OF

Mr. Colin Hutchinson. who fished quahaugs extensively before

their d",cl1ne, in an interview on July 24th, 1939, Gtated that

quahaugs were found in considerable numbers !ilong both shores of

Bideford river. lind described fishing the e st of Lennor. island,

south of Bird island, off the Cooper ued (21,07), off Macle:m's

point. =d long the south shore of the river bet een clean's

point und Low point. Most of the fishing WdS done along the outer

ed es of oyster beds. where the bottom was interr:.ediate between

very hard and and very soft mud of Ii type c lled "rubber bottom".

While sorne quahaugs did occur in the very soft bottom in the middle

of the river and creeks, not many were ever found there, nd those

from harder bottom wore preferred due to the lighter C :Jur of the

shell. In iblpeque bay most of the fisuing WdS dono e st of Curtain

island where a ch nnel ran towards Ship rd river, and north of this

ocation !ilong the shore east from Frincetown. In these situations

tue specimens came up clean on the rake, fran <i!lich it may be in­

ferred that they were living in clean, rather losse sand. The 7 eat­

est deI:.3.nd was for sllld.ll qUuhaugs of len th li to 2 inches, called

"little necks". ndthese were fished in great qu ntities, bringing

one dollar per bushel. 11. good fisherman could get 3 or 4 bushels

in a day.Just before the oyster dise se became app rent in 1913.

when oysters beg&.n to die in lar e number.s, the price of quahaugs

decreased. !ind so did the fishing. Shortly ~fter, quahaugs began

to die also, evidently from a disease. because in places where

quahau s had not been fished out, laree numbers were found dead

witb rotting meats. Q.uahaugs which hud just opened h d swollen d rk



spots on the meats, as if a li hted match had been applied to

Mr. V. Carr, fisheries inspector, described on September

26th, 1939, quahaug fishing in the vicinity of Grand river, and

corroborated Mr. Hutch~nson's description of extensive fishing

eClst of Curtain island. Much fishing was also done on a "reef

ted" between Curtain island and lIinchester's cape. In Grand river

there was good fishing between the ferry and Granu ri'1er bridge

further upstream, in muddy bottom similar to t.hat in the I:liddle

01 :>i<1e1'ord river. There were =y qudhaugs allover the southern

part of Malpeque b y before 1915, when large qu:mtities ith rott-

ing ceats were fished. Specimens obtained from the upper reaches

of the rivers in muddy bottom were lar/l:er in s:za than those from

sandy bottom in the bay, accordir.g to Mr. Carr. (This m'iy be due

to the gre tel' are of soft muddy bottom than of harder sandy

bottom of suitable depth for quahaug fishing, Which, coupled

'lith the greater ease of fishing in the harder sloping edges of

~yster beds, served to protect the stock in soft bottom and allowed

it to reach a reater agel.

11.1'. L.J. Murphy, fisheries inspector, st ted Oll September

27th, 1939. that quah ugs were once very plentifUl in Foxley river,

ana they diaappeared about tho same time !is oysters there.

ldr. V. Travers. who has several oysters leases in the southern

part of Malpellue by. stated on September 18th. 1939, that quahaugs

h ve been found in spots here and tlHlre during the past several

ye rs and arll eVidently "coming back". The abundance of quahaugs
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in this region at one time is evidenced by the abund nee of

empty qU<ihaug shells found on the bottom while orking on

the oyster beds.

The quahaug investigation, sponsored by the Fisheries

Research Board of Canada, has been carried on t the Prince

Edward Island Bioloe:ical Station, under the direction of Dr.

A. ,V. H. Needler, to whom I am much incebted for advice and

ssistance throughout the course of the Nork.

During the winter seasons, 'the work has been continued

in the Dep rtment of iology. Universi ty of Toronto. I wish

to acknowledge the assist nee given by many members of the

stuff and especially the helpful criticism and many valuable

suggestions given by Dr. A. G. Huntsm.in, who has airected my



Figure 1. Distribution of Venus l'lercenaria in Canada.

2. Mloip of the Malpeque bay reloi, P. E. I.

3. Location of quahaug investigations i:1 the Tatamagouche
bay area. N. S.

Diagr!lJlls showing arr ngeI:lent of Bideford river experiments.

5. Diagrams illustrating methods used in growth studies.

6. Maximum and minimum temperatures at low w<t.ter level,
Bideford river.

? 1939 bottom temperatures and salinities in the Malpeque
bayarea.

8. 1940 maximum and minimum temperatures t five locations
in the Bideford river growth experiments.

9. Bottom temperatures and s linities in Malagash basin.

Histograms shodng the effect of exposure on growth
and survival of quah u s in Bideford river.

Histograms showing the effect of crowding and kind of
bottom on growth of qu",hau/l:s in Bideford river.

Histograms shoRing growth of quahaugs in light and dark
camp rtments of floating tray.

lj. Histograms shoRing the effect of eel grass on growth
of quahaugs.

Histograms showing the effect of different amounts of
water circulation on the grov.1;h of quahaugs.

15. Distribution of small quah ugs on the shore of Tatama­
gauche bay, N. S.

16. Annual catches of quahaugs listed in the Fisheries
Statistics.

l? Age-height relationships of 'Port Hill and Paugh's creek
quahaugs, from growth-ring me surements.

18. Height-length-thickness-volume relationship of Venus
mercenaria. --
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